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CORALS AND THEIR POLYPES. 

By Pkofbshou P. Martin Duncan, F.R.S. 


S OME years ago, a very beautiful exhibition took 
place at the Koyal Society, during one of tlie 
annual gatherings of scientific and representative 
men. A tank of sea-water had a glass side in it, 
and a beam of light was thrown on to the surtace of 
the water, and it passed down below and came out 
through the transparent plate. Tliere was an 
apparatus which foi‘ee<l air into the wate;i‘, and the? 
myriads of minute bubbles and the clear water 
were intensely illuminated, the air globules looking 
like points of silver, and the fluid like luminous 
opal. Placed on the back of the tank, was a mass 
of dark-coloured rock, the surface of which came 
within six inches of the gloss plate ; and on the 
stone were living things of surpassing beauty. 
They were of a brilliant light orange colour, some 
being of a darker shade ; they were sufliciontly 
trausj>ai'ent to let the light come through tJieir 
tender tissues, and they were in the sliape of slioil} 
cylindrical stems suruiounted by a stai*; or, luther, 
the st<ims were sloping downwaixls, their star-like 
ends droojiing gracefully. About half the size 
and length of a lady’s little finger, they moved 
slightly, expanding their stars and growing longer 
when a stream of air-buhbles Cfime close to them, 
and they contracted and beconie smaller when the 
light faded. The stara had mys on them like those 
of a daisy in position, and there was a round place 
in the midst. The light shone through the fleshy 
body of the stem, which liad i^adiating structures 
in it, and a long central mark. 

The numerous stems and stars, crowded as they 
were, did not come in contact Each one seemed 
to be independent of its fellows in its slight move- 
ments. Yet this was not the case ; for on the 
cessation of the bright light and the occurrence of 
a shake, the whole of tlie omnge-tinted colony 
became dull in tint, and smaller, and finally seemed 
to retire. After this simultanecus and general 
movement had persisted for awhile, a honey- 
combed look came over the face of the rock, and 
only a faint tinge of yellow could be seen on a 
97 


wliite suiface. By-and-by the stems and stars 
began to be visibles agahi, to increase in size, and 
in half an hour hundreds of them were stretched 
out to their utmost and revelling in the highly- 
aerated sea-water. It was a spectacle never to be 
forgotten ; and some of the visitors had a similar, but 
grander, sight brought before their i*enienjl)nuice. 
Stimulated by the luiexjiected appearance of the 
l»retty drooping stars, memory led their thoughts 
far away and to the ren)ot(? torrid Pacitic. A 
broad ocean, a surf brtjaking on a circular rock 
with a few cocoa -mit trees on it, and some under- 
wood ; a placid lake within, and a sea beyond, con- 
stituted the scene ; and the mind saw, in its pleasant 
memories, a perfect flower garden of stems and 
maiiy-colo\ired still’s flourishing on the rock beneath 
the rushing waves. As the remembrance became 
vivid, the Hjilendour of the distant scene recalled 
itself. I’he shallow riKiky floor on the verge of 
stupendous dejjths, was tenanted by beds of starry 
forms, some small, others large — the daisies and 
dahlias of the place?, some white?, grey, green, blue,” 
re<.l, purple, or omnge in tint, or varic?gated or 
splashed with othf?r coloui-s, and gold, ami silvei\ 
and black. Here and there a branching mass 
stood in tlie “ mind’s eye,” reaching to the 
very suifaCe of the water, and its tints were 
oi’ange, yellowy red, and ])alt' blue, and on it were 
myriads of stems and stars. Just out of the water 
and occasionally covered, were rounded blocks, 
whose stems, brilliant green centrally, had their 
rays all close together. 

The remembrance of the dai’k-coloured blocks of 
stone and tlie white sand of the beach, recalled 
the common name of all these living things and 
their stony gixiund work,— for they were corals, and 
it was a coral island. On a previous evening, 
and shortly after H.M.S. Pcnrc^vpvm had returned 
from her cruise in the North Atlantic Ocean, a 
collection of veiy elegantly shaped and Vieaiitifully 
cliased, embossed, ami fragile, but hard stony- 
looking things was exhibited. They were whit© 
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and had no living structures on them, but they 
were covei*ed by, or they consisted of, cup-8ha|)ed 
hodies with stalks, and the cups Imd within them 
radiating plates. Some of these came from 1,200 
fathoms, or 7,200 feet, and from off the ojizy sea 
floor, othei*s had been bi*ought up from 90 to 600 
fathoms from oft* a rocky sea Ixsd, and many had 
been pliingeil up to their nocks in mud. They 
wei’e alive when they wei’e first brought up on 
board, for they were then covered with a delicate 
membrane, which n^soinbhHl, move or less, that 
of the yellow and orange steins and stars already 
noticed. 

The theruioinotei's which were let down when 
these stony things came up, denoted, that dec^p down, 
the tem2)oraturc was that of fitjezing water, and 
there are proofs that the jiressure of the sea was 
great at the depths. These pretty relics of the 
ocean floor were the hard parts of comls belonging 
to the same great natural history group as those 
forming coral ret^fs and i.slands, but diflering from 
them in many interesting particulai-s. They weni 
<leef>-sea corals. Many of the naturalists who 
examined them could not but rcmiark that some 
of the dwellere in the great dej>thH were not unlike 
small stony things covei'ctl with a delicate tissue, 
and presenting the ainiearance of a very flat little 
sea anemone, which is found in the caves and 
natural grottoes in the limestone of Devonshire, 
at the seaside, and wliich the tide rarely uncovers. 
These stars have stony oujjs l)eneath them, and 
they are known to people who sell things for the 
acjuariiim as “ madre|»ores.” They are corals of 
the shore, and they do not form vast collec- 
tions as in the trojucs, but aix? solitary. Thus 
there are reef-building corals, deepsea coiuls, and 
shore corals; and all have many similar jxiints of 
construction, whether they are small or large, 
single or made up of a vast number, or branching 
like small trees. When in life and in full vigour 
there is no doubt that they all resemble flowers 
somewhat, and, indeed, the ancients and many of 
the modem naturalists, down to the time of 
Peyssonnel, considered them to l>e of a vegetable 
nature, or that the hard parts were |)etrifactions 
ftut of sea-water. Peyssonnel sent a communica> 
tion to the Royal Society of London in 1751, and 
demonstrated the animal nature of coral. 

Everybody is aware that there is another dweller 
in tlie moderately deep jmrts of the Mediter- 
ranean and of some other seas, which is very 
precious for its l>eautifal red colour, and which is 
l>opularly called coral.*' Necklaces, ear-rings, 


brooches, and many kinds of ornaments are made 
up occasionally of this beautiful, hard, and more or 
less branching “coral." Its purity and colour gave 
the title of “coral li 2 ) 8 " to what a Ti’ansatlantic, 
realistic, mechanical-minded savant has called “ the 
kissing a]> 2 >ai*atus of the maiden;" and its hard- 
ness has recommended it for the “ coral and bells " 
of teething infants. But this coral — the coraXlium 
of Tlieophrastes — is uulike the otlier dwellere on 
the reef, shore, and in tlie deep sea mud, in its con- 
struction and method of growth. It belongs to 
the same great of the animal kingdom, but it 
is placed, es|)ocially from its method of growth, nnd 
from its having a different numerical relation of the 
rays of its stare, in a diflerent section frem the true 
stony corals. 

The red coral, when freshly brought up from 
depths of from 100 to 600 feet, is in the shajie 
of a stunted tree, which has a broad base attached 
to something, a shoH thickish stem, and short stunted 
branches, becoming thinner at their ends. This arbo- 
rescent stem, which may be intenstdy red or pale, is 
covered with a film of living matter, and when it is 
examined under exceptional and very rare circum- 
stances, star-8haj>ed liodies, with eight rays extend- 
ing from a centre, w’here there is a mouth, ore seen 
on it. The slightest rough washing, will remove this 
living structure and its stars, and barely a ti*ace of 
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their former existence is left on the hard red coral 
Imneath. The red coral, in fact, forms a kind of 
base or foundation-support to the living tissues. 
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The stars of the poljj>e8 are not let iiito it, and 
the red substance is not formed in the midst of 
the star tissue. On the red coral are wavy lines and 
slight grooves, but none of it goes into the tissues 
of the soft cups, which are terminated by the still's, 
and which contain the organs by which food is 
digested and the eggs are formed. Now, suppose 
a stem of the red coml is cut across, and a thin slice 
is cut and j>olished and examined under a inodemttdy 
liigh i>ower of the microscope. The a])pearance pre- 
sented is very beautiful, and it is evident that the 
coral was once a slender rod, which became thick by 
the gi*owing of layer after layer around it (Fig. 1 ). 

Again, travellers to India by the Red Sea, should 
they have the opiK)rtunity of coming near or landing 
on some of the islands, will notice that much of tlie 
beach sand and stone is red; and that just under 
the watm*, groat rounded masses of red stone, eovercHl 
with minute stars, aro seen. The red sand consists 
of the fragments of the masses, and these ai^e of a 
dull rod tint, and consist of innumcrabhi small pipe- 
stem-like tubes, placed side by 8id<?, and each set 
arises from, and is covered by, a kind of confusion of 
red substances and tubes (Figs. 2, 3).* The tubes 


aro ojien at the top, l>ut th(?re are no plains in them 
converging from the edge to the centre, and they 
may be compared mth cut straws. The polype lives 
in them, and when fully ilisplayed emerges its upfier 
paiii ill the form of a tube, terminated by a star 

^ In the Plate (see Frontimpieco) the orange -coloured corab be- 
long to a Mediterranean kintl (Astroides tufj/ndaris). The dark 
bi’anching coral is Dendi^ph-yUia ni/frescjns^ from the Re<l 8ea 
and the Seychelles sea-floor.' The white coral in the background 
is ^fnflrepQra formosa, a Paciflo reef coral ; and so is the 
stumpy branching green Porites. The roun<lod coral in front 
is Faria pallida^ from the Fiji Islands ; and that "with the 
brilliant colours is a compound form, whose calioes are some- 
times longihencd by flssiparous division. Above these rounded 
corals are some simple Caryophydias, and above these U a 
large stem of Coratlium rubrum, below which are some corals 
growing from stolons. 


with eight seiTatcd rays and a central mouth. 
The soft tissues of the minute animal extend 
from polype to l)olype, and the hard suppoi’t- 
ing tube structure, or skeleton, is formed by 
and within them. This 
is the Orgiui Coral, or 
Tubipora, and its in- 
tensely red skelettm is 
furnished with jwlyisis 
of lighter tints, and 
which are often blue, 
green, white, or reddish. 

Tliese three kinds of 
coral are separated by 
the naturalist in the 
scheme of Natural His- 
tory classification, because their anatomy differs, 
but the titles Stony Coiul, Red Coral, and Organ 
Coral, will probably always 1x5 given to them 
popularly. They really l)elong to differont gi*ou|)s 
of an important oinlcr of the animal kingdom; 
but, in order to comprehend this, it is necessary to 
consider minutely the nature of the structure 
of the tiiie stony corals. 

If one of the corals with the 
yellow polypes t already mentioned 
l>e examined, or if some small 
Devonshire corals be kept in an 
aquarium luid studied from time to 
time, it becomes evident tliat the 
soft and coloured llowe.r like por- 
tions, and the hard white substance 
they cover, are most intimately con- 
nected. Moreover, the resemblance 
of the simple or solitary coral from 
Devonshire to a common sea ane- 
mone. is very striking, but there 
aro no hard parts within this 
last common seaside object. Microscojiically, 
thero is much in common, however, between the 
anemone and the soft part of the coml, and both 
are exceedingly iiri table, and can savcH out or 
diminish very remarkably in size. 

The first thing whicli stnkes any one who is 
desirous of studying the stony corals during their 
lifetim(5, is that (taking a simple fonn as the ex- 
am[)le)J they are more or less cup or goblet-shaped, 
and that a fleshy disc, with a hole in the middle, 
and surrounded by one or more rows of rays oi 
feelers (tentacles) covers the top. This is the 
tentacular dieCy and the bole, whicli is usually 
longer than broad, is the mouth. The disc is a 
f A»t7‘oidc8 catycuhtris. t CaryophyUia Smithii, 




Fig. 3. Orpau Coral, partly 
Expanded. 
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flattiah membrane, and when seen from al)ove, w 
usually coloured in rings, and has a set of markings 
which go from the mouth to the margin where the 
tentacles are. 

These are in one or more rows, and are of various 
siaes, but all are more or less cylindrical, hollow, and 
have rounded tips. They are, with few exccj)tionR, 
peculiar in their number. In very young corals there 
would bo six, in larger ones twelve, and in adults 
twenty-four, forty-eight, ninety-six, and more in 
number. The number can be perfectly divided by 
six ; or, in other words, the tentacles are in multiples 
of six. The tentacles, whatever may be their size, 
are not fringed or mai*ko(l with minor ones on 
their sides, but are plain. When flourishing, the 
polype projects or hangs down a short distance from 
the hard part, and a kind of tube is produced. This 
is continuous at its top with the edges of the disc 
outside the tentacles, and below it is attached to the 
cup or tube-shaped hard part, being continued over 
its outside. All that the eye can see, distinctly, on 
the surface of the tube and tentacular disc, is the 
outside skin, or ectotierni. 

The mouth opens somewhat widely occasionally, 
and shows an irregular bag-likc? space, at the bottom 
of which is a whitish structure, hard to the touch, 
and covered with a fine layer of soft substance. 
Dissection shows that there is a round edge or lip 
to tlie mouth which is capable of distension and 
contraction, and that beneath it there is a sliallow 
rounded cavity or stomach, with folds on the sides, 
leading to a larger one, or i)erigastric or visceral 
cavity, whose lower membrane covers the white 
substance. These cavities, one beneath the other, 
are very central, and spaces open into the lower one 
all around it, and lead up to just beneath where the 
bases of the tentacles are attached to the disc. The 
tentacles are hollow, and communicate with the 
spaces, and these open into the cavity, so that any 
water or substances coming in by the mouth may be 
dispersed in and around these central spaces and over 
the membranes which form them. All the tissue 
of the inside of the lips, of the stomach and general 
cavity, and of the inside of the tentacles, belongs to 
the inner skin, or endoderm. So that the soft 
parts are made up of an outer and inner akin, and 
there is some intermediate substance uniting them 
and having to do with the hard parts. 

Now, if the coral be removed from the water, 
the swollen out tentacles gi^adually diminish in size, 
and after a few minutes only a glaze of animal 
matter, consisting of the two skins and interme- 
diate tissue, which have parted with much of the 


water usually contained in their constituent parts, 
is seen covering the white, hard, stony coral. If the 
soft parts be f-crublHsd off*, it can be easily examined. 

The hard parts of the animal consist of a cup, or 
tube-shaped main portion, which is closed below 
and open above ; it contained the stomach aiul 
other membranes, and supported the tentacular 
disc; and it has been explained that the outer 
membrane once covered it outside. On looking 
down into the top of the cu|), a central j)ortion is 
seen like the axle end of a wheel in position, and 
radiating from it on all sidtm, to the edge of the cup, 
like so many 8|)oke8, are solid plates of carbonate 
of lime. Thes(5 are slender, but although only 
their tops can be seen, they really extend down 
the cup. Al)ove, they are curved, and on their 
sides within the cup, there is much pretty orna- 
ment-ation. These plates are called septa, and 
there is a small space on either side of each one 
which also goes to the bottom of the cup. These 
spaces are called interseptal spaces. The central 
body, or columella, is made up of a number of 
[>ieces of carbonate of lime in tlie shape of twisted 
ribbons, and between it and the septa are some 
archc^i borlies like small septa, and which are called 
/>a/i. The septa are in contact with the cup at its 
sides, wliich are thick, ornamented and solid, and 
constitute the tfu^ca. Outside the theca there are 
projections running down the coral corresponding 
in position with the septa within, and which are 
called ribs or costie. 

Now, the sides of the septa, the inside of the 
theca, the top of the colwnella — that is to say, all 
the inside of the hard parts of the cup — are covere<l 
with an extension of the inner skin, or endoderm ; 
and the outer part is of course covered by ectoderm ; 
so tliat the only space on the coral where there is 
any room, is between the septa or in the interseptal 
spaces, and also above the colnmella. In life there 
is a fold of skin in each interseptal space, in which 
the eggs are developed, and each of those spaces 
oj)en8 into the visceral cavity as already explained. 
Again, every tentacle and the under part of the 
disc are in relation to the septa and interseptal 
spaces. 

But how is die soft polype connected with the 
hard carbonate of lime of the pretty radiate 
looking cup, so as to produce this b\ilky and heavy 
skeleton ? Take a living specimen aiul place it in a 
very weak mixture of hydrochloric acid and water, 
and great bubbling will go on for awhile during 
the evolution of carbonic acid gas from the 
carbonate of lime, and the production of a soluble 
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chloride of lime. After a while all the solid coml 
will be found to have gone, but there remains 
besides the skins and intermediate substance, a 
film, bulky and yet very fragile, and which is a 
soft tissue which once pervaded every part of the 
hard coral, and which may be shown to be a 
continuation of the structiire intermediate between 
the outer and inner skins, and of these tissues 
also. 

By making a fchin slice of the hard part of a 
fresh coral, and after polishing it until it becomes 
transparent, Uie microscopic nature of the sub- 
stance can be shown. First of all, in the septa, 
a thin film of soft tissue evidently separated each 
one into two lateral halves, and crystals of 
carbonate of lime commenced in the tissues and 
radiated outwards. The crystals are long prisms 
placed close, and side by side. Similar groups of 
crystals may be seen all over the coral, their arrange- 
ment producing the outside and inside ornamenta- 
tion also. The coral is not formed like structure- 
less mineral, nor is it made up of hard grains, but 
of regularly placed crystals of a mineral called 
arragonite — a fonn of carbonate of lime. It must 
be understood, however, that an organic soft 
tissue has played its part in depositing the.se 
crystals. In fact, the carbonate of lime of the 
coral is deposited according to the same philo- 
sophy by which the phosphate of lime of our 
own bones is j)ut in its proper place, out of a 
fluid wliich represents so much bread and meat 
digested. It is a product of life, and not of simple 
deposition from sea water. Hence, as the soft 
coral polyi>e flourishes, more arragonite is deposited, 
and the soft and hard parts grow in due relation 
to one anotlier. In the simple conils, like the 
Devonshire Caryophyllia, the growth does not 
proceed above that of the size of a small half- 
thimble, but in some of the compound forms, such 
as are represented in the coloured plate [see 
FRompis piece], the size is considerable, and thou- 
sands of simple corals may be said to be collected to- 
gether, PS carbonate of lime collectors and depositors. 
It is therefore necessary to proceed to consider how 
a compound coral is formed, and tlien to study the 
minute anatomy and physiology of some kinds. 

The branching coral {Dmdrophyllia niyrescem), 
which occupies the centre of the coloured plate, lives 
in tolerebly deep water, and it will be noticed that 
its dark black green body is covered, here and there, 
with cups, each carrying a tentaculiferous disc. The 
little white tentacles have a yellow hue within 
them^ the disc is green, and the mouth is dark in 


tint, and, as a matter of fact, during life the whole 
outside has a delicate ectoderm or outer skin on it. 

Every cuj), or corallite, as it is called^ — the whole 
mass being the corallum — has its star of tentacles 
hiding the septa of the inside, and although sepa- 
rated by much space they are all alike. The coral- 
lum is tall, and contains a considerable quantity of 
carbonate of lime, and it increases by a process 
called budding. 

Tliis branching coral is brittle, and when a long 
piece of it is held in the hand and shaken sharply, 
it will snap off ; but it lives in deep water, out of 
the range of violent currents and wav(3S, and 
catches by means of its tentacles, the minute shelled 
creatures which jostle against them. 

Very different are the compound or rnff-building 
corals which dwell near the surface, and flourish 
amongst the surf of the grandest waves in the 
world, or in the quiet lagoon* beyond, where, how- 
ever, the sea may \ie troubled. They require 
strength, lightness, and the power of rapid gi’owth ; 
for the rush of a wave would snap off a solid and 
heavy piece, and there is always some wear and 
tear going on. The strength and lightness are 
produced in a manner which modern engineers 
have striven to imitate in buildings exposed to 
similar conditions. The original cup or tube grows 
upwards, and has the anatomy of the simple coral ; 
but after growth lias proceeded for a while, a new 
hard structure is formed inside the animal. A 
slender floor is formed across the interseptal spaces, 
and all the space below it is shut off, and the soft 
parts which were once down there cease to grow, 
and others cover the top of the floor. A set of 
cellular compartments is thus formed, the animal 
growing up, and leaving so much dead coral behind. 
Time after time this growth of floor (or disaepirnmt) 
proceeds, and in an individual coral (a coralUte) of 
two inches in height, a score or more of them will 
be found. The iK)l 3 q>e, in each instance, withdraws 
into the higher chamber, lives on the top of its new 
floor, and leaves the rest below, all shut up like a 
cell, untenanted and dead. Hence, in very ki^ 
masses of coral, a foot or moro in height, it is only 
the top quarter of an inch, or even less, that is 
tenant^ by the soft jwirts, all the rest is partitioned 
off, and is, to all intents and puiq)oses, a mass of 
very strong carbonate of lime, built up of uprights 
and cross pieces, all very strong and light. 

But long before the original coral grows many of 
these cross floors, it produces from its outside by 
budding, other corallites like unto itself, and they 
grow up with the parent in height and strength 
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On the outside of each one, there are the ribs {coaioi)^ 
and the outside skin i*eaohos from one corallite to 
another, and pi*oduces within itself a liat layer of 
carbonate of lime, on a hjvel with a corresponding 
Hat internal iloor. As the corallites all gi*ow up 
togetlier, moi'e cross outside pieces (exoUieca) ai*e 
formed, so that, at hist, a true reef-building coral 
has a multitude of tubes connected by cix)ss pieces, 
and each has a cellular structure within. The growth 
is mpid, and the truly living ^mrt is quite at the top ; 
and if a piece is broken olf by a wave, or nibbled 
off by the i)an*ot-fi8h, the upward growth soon 
compensates. In fact there is a constant struggle 
on the jmrt of these corals, to grow just under the 
surface water, and they are ever wearing, dying, and 
growing. In the quieter water, such rounded forms 
as those rep!*esente<l towards the bottom of the 
coloured plate flourish, but even in their instancH^ 
the separate corallites, ejich with its coloured 
tentacular disc, are fitted with internal floors, and 
sometimes there is the exoiliecay but most frequently 
the walls or sides of the individuals fuse together. 
The fusing, or the presence of eocotltecay is con- 
stantly noticed in bulky reef makers, but they are 
not i*equired in solitary corals, or in those which 
live in deep water. The internal floor is, however, 
found in the deep water kinds sometimes, and 
it apiK^i-s to enable them to incmise iji Insight. 

In a classification of the corals, those without 
and tho.se with these structures, are separated. 

It must be rememl>ered that not only has tlie coral 
to j)roduce the skeleton, hut that it has to gi’ow' 
its soft tissues, to obtain fooil to do this, to digest 
and separate i)rotopla8rn for its tissues, and car- 
bonate of lime for its new parts, to resjnre, and to 
increase and multiply. Watch a coral in an 
aquarium abundantly supplied with good aemted 
sen-water; — its tentacles move occasionally slightly, 
expand, contmct, and soriMitimtJS the disc and all 
the t<nitacles close n[). Touch the tentacles, and 
they seem to stick for an instant and then to close 
rapuVy. The wat(.T is full of food in the form of 
minat<? beings, and evidently the coi*al catches 
many which are very minute, and occasionally 
tmtraps a larger and visible one. The tentacles 
move together on to their victim, which is stuck to 
one or more of them, and the mouth expands, and 
finally the footl di8apj)ears into the stomach. 

The water being fresh, the tentacles ai’e fully ex- 
panded, and it is evident that the coral polype respires 
by their means. Catching prey, moving, and respir- 
ing, require special structures, and they, and the 
colouring matter of the creature, aro all present. 


The outside skin of the cups is continued over 
the tentacles, which are hollow, and on to the disc. 
Now under the microsco|)e, three or four sets of 
bodies or cells constitute it. Firstly, there are 
some globular bags or cells with very delicate walls, 
which contain a glairy fluid or sticky secrotiou 
which covera the fingens on handling some corals, 
and entangles some kinds of prey. Secondly, 
there are minute cells with many contmctile bail's 
or cilia on them ; these move strongly in one direc- 
tion, and retium to their original {>osition, like the 
closing and opening of one’s fingers, and produce cur- 
rents in th(5 water in contact with the skin, Thiixlly, 
there are thousands of long cells, almost sausage- 
sha])ed, placed side by side. They point outwaixl 
where there is a little spike-like projection. Each 
of these elongated cells contains a fluid which 
makes it tense, and also a delicate hair-like thread 
curletl up in a pretty tight spiral. The thread is a 
continuation of the outside membrane of the cell, 
pushed in like the inverted finger of a glove, and 
twisted. The slightest unusual pressure will cause 
this thread to be turned out with a rush, and it 
evidently has some stinging or jmralysing power on 
minute croatures, and on delicate human tissues. 
These are called mmatocysU^ or thread cells. The 
last kind of structure consists of globular cells, 
containing gmnules of colouring matter. All 
these colls are close together, and form a mode- 
rately tenacious tissue. Inside the i)olyf)e and 
within the mouth and the gastric cavity, the spaces 
and under the tentacles is the inner skin, and it is 
made up very much after the ftushion of the outer, 
lletween the skins is the internwidiate tissue, and 
it contains young cells and a number of inuseulai 
fibres and connective tissue. The musculai* fibres 
ai*e simple threads of highly contractile substance, 
and some are in bundles, and are long, being ])laced 
lengthwise up the tentacles, and from their base 
the month of the disc; and others are in rings, 
(mcircling the tentacles and doing the same to the 
mouth and disc. By the contraction, expansion, 
and union of action of the muscles, all the inovo- 
nients are produced. 

Tlie prey is stung, pamlysed, and killed ; it is 
moved by the tentacles to the mouth, and is dis- 
solved in thti sloimich by the secretion of the inner 
skin. Water and small things are drawn over the 
surface into the mouth and about the stomach by the 
active cilia cells, and also much air contained in the 
sea. The cells are so thin, that their contents not 
only ]mss more or less from sot to set, but aro also 
aiirated when in contact with the mpidly moving 
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water. The respiration is of the simplest kind, 
and is mainly car’ried on inside the tentacles ; but 
if the water is impure the coral soon dies. The 
circulation is perfect, but there are no vessels or 
special appliances ; the digestion is rapid, and the 
partitioning of the digested mattei-s into tissue, 
cells, and arragonite crystals is as wonderful and as 
incomprehensible as all other vital processes. Ever 
feeding, ever growing, carbonate of lime must be 
deposited, and hence the huge dimensions of reef- 
building corals which are exj[K>8ed to the nish of 
the tropical sea, crowded as it is with minute life. 

Hanging between the septa and in the interseptal 
spaces, and suspended from tlie underneath part of 
the disc, are foMs of tissue, on the inner side of 
which are curious worm-like bodiea Tliese are 
crowded with the thread-cells, but they have 
neveHliolcss tlie duty of producing the future 
young. As the coral grows upwards and increases 
in size these egg-producing parts increase in 
number, and as tliey do so, the tentticles increase 
and also the septa of the hard parts. 

Now this incimse is a very remarkable part of 
the story of the life of a coral, for it does not take 
place by chance or irregularly, but by a definite 
arithmetical law. 

After the young coral has grown sufficiently to . 
secrete the Imrd substance within its tissues, six 
plates or septa are fornied, and a corresponding 
number of tentacles, water-spaces, and egg-pro- 
ducing mesenteries. Th(?se are the primary septa. 
As growth proceeds, six otliei'S aj)pear; starting 
from the wall, midway between two primaiy septa ; 
each grows inwards and thus divides the original 
inter-space into two and determines the develop- 
ment of another set of tentacles and two egg organs. 
Thei’e are then twelve septa and the second six an^ 
called the secondaries. Soon a third set api^eai^s 
intermediate, and a repetit*»^n of the contempora- 
neous tentacle and egg-organ growth occurs. These 
tertiaries bring the septa up to twenty-four; and the 
next set, growing also in the intermediate planner, 
develops into forty-eight and ninety-six, and some- 
times more. 

The older the septa the larger are they ; the 
same rule is true with regal'd to the tentacles. It 
is this multiplying by six that gives the great 
radiant symmetry to the masses of stara in large 
comls. The exceptions to this rule wore very 
common in the ages of the past, and there are 
often peculiar defects in many recent species, but 
still the law is very general. 

Some corals have their hard parts singularly 


dense and im^iervious, and the septa and walls are 
without visibhj jiores. The rounded corals in the 
coloured plate are instances. But tlie gi*een speci- 
mens with two short rounded branches and many 
minute stars on them, and the large white branch- 
ing form in the background have their hard tissue 
full of pores, so that the soft tissues jienetrate the 
walls and septa, and the whole coral is veiy light. 
These are examples of the Perforata^ and the 
othei’s, just noticed as being solid, are some of the 
Aporosa. The Perforata grow with great rapidity, 
and are especially able to withstand the violence 
of waves. 

The last of the structures of the corals which has 
to be noticed, refers to a singular and not often told 
chapter in their histoiy. 

Borne corals which live in tolerably deep water, 
the base Ixuiig attached to a stone, are exquisitely 
ornamented with headings, flutings, and curved 
lines from top to bottom, and the delicate soft 
tissue covers over all, and dips down into the 
hard part. There is probably not much motion 
of the sea at the depths where they are found, but 
thei'e are living things there which trouble the 
coral, and wliich in return are troubled by it. A 
worm which grows to a considerable size, and 
forms a dense fibrous texture around its body as 
a kind of house, l)egin8 life by plunging into the 
thin tissues of the young coral when it is a few 
lines in length, and the feelera of the worm on the 
top of its lujad appear at the side of tlie calices of 
tlie coral. TJie worm certainly cannot get any- 
thing out of the coral by way of nourishment, but 
it occupies a part of the structures of its growing 
“ host,” as it may lie called. 

But when the coral has got veiy large and thick, 
it gi'ows so rapidly that the worm is constantly 
being encased, and has to get all the food it can, 
to keep pace with its unwilling protector. Sooner 
or later, the worm gets walled up, and on break- 
ing the coral, the encased worm with its fibrous 
tissue may found inside the liard dense skeleton. 
In fact it would ap]^>ear, until the matter is 
thought out, that the worm had bored into the 
coral. Other corals living on reefs, or in the mud 
of shallow seas, are attacked by a host of enemies, 
and a certain amount of prott»ction is afforded them 
by the gi'owth around their bases and parts likely 
to be covered with mud, of a thick coating of car- 
bonate of lime in the form of what is called epltheca. 
This layer covers up the outside ornamentation of 
some of the simple corals in a most curious manner, 
and is a plain but unique cover, and i|f produced 



8 


SCIENCE FOE ALL. 


in and over a soft tissue, which appeal's to come 
from the base of the coral and extend upwards. 
It flakes off readily in some kinds, but is more 
like a varnish in others, and as its soft tissue soon 
dies the minute creatures which boi*e into or live 
on tlie coral do not thrive there. There are 
some corals which have bases as large and as flat 
as a small plate, and they I'est on mud or soft 


onwards, and leaving a tunnel behind, oaring little 
for the epitheca. But it does protect the coral to 
a considerable degree from a vegetable pai*asite — 
Addya penetn'o/m. This is a microscopic fungtis, 
w'hich, after resting on the outside of the coral, 
seci'etes carbonic acid gas, and this dissolves some 
of the carbonate of lime of the skeleton, forming a 
soluble biTcarbonate. Soon a small tube is got 
into the hard structures by this 



dissolving process, and the growth 
of the fungus, and in the course 
of time thousands of minute pas- 
sages are thus chemically formed 
in the mass, rendering the coml 
fragile and readily broken. This 
fungus attacks every jm!! of the 
coi‘al, and probably feeds on the 
animal matter whicli always existt 
in the forsaken poidious of the 
hard i)arts. 

One of the most remarkable 
things about the corals, is their 
symmetry of growth ; not only 
do they increase in bulk, but they 
do this according to definite laws, 
for every sjMicies of comj)Ound 
coral has its own peculiar direc- 
tion of growth and Rhai>e. Thus 
the brainstoiie corals form large 
heuji.sphei*ical masses, the nmdre- 
j>ores branch and rebmnch, and 
may attain many feet in length 
or height ; the DmidroplnjUice are 
oft<m wonderfully stern and buah- 
shaj>ed ; and ther e are fiat tabu- 
late and round-top|>ed kinds 
amongst the reef-builders. So 
definite is this symmetry, and 
so persistent is tire shajre of 
every kind of coral, that these 


Fig, 4,-^0onioj)ora columna. 


jreculiarities are imjxrrtant in 


the classification of the genei'a, 


ground under the sea, and their epitheca covers the 
hidden base only, and i.s formed into concentric 
rings. On the other hand, some large comls, 
like tire Goniopora colnmiyx (Fig. 4), in which the 
epitheca, looking very much like dried mud, covers 


most of which may Ire recognised by their special 
method of growth, and ulti mater perfection. 

The Stony Comls belong to the gr'eat f^up of 
animals which includes the Red and Organ Corals, 
and it is characterised by there being but one open- 


the stem up to the commencement of the calices, ing in the hollow soft polypes for food, and the out- 

and is seen to be covered here and there with ward passage of the eggs and immature young. It 

shells. Nevertheless, the epitheca will not keep is called the Coelenterate Order {Koilo$ — hollow, 

out very persevering parasites. Thus, there is a enteron — trowel). The Stony Corals have their 


boring shell, which drills in some extraordinary hard parts formed within their structures, by 
manner right into the coral, and lives, ever pressing an inner derm or skin, and the tentacles are in 
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multiples of six, and are not fringed with others. 
They are called Madreporcuria. Tho Red Coral 
has its hard part formed ae a kind of coi*e, and 
is covered by the soft parts, v.'hose tentacles are 
eight in number, and are foinged. It is one of 


the Alcyormria^ belonging to the family of the 
Gorgonidoi. 

Finally, the Organ Coral is provided with eight 
fringed tentacles, but its })eculiar lif(i-structure places 
it amongst the Alcyanaria in a family of its own. 


BUEENT-OUT VOLCANOES. 

By Pkofbssor T. G. Bonne y, 1).Sc., F.K.K. 


A LITTLE south of the centre of France, a 
great plateau of granitic and schistose rock 
rises, island-like, above the surrounding secondary 
strata. A considerable paii of it attains a general 
elevation of about 2,500 feet, and declines rather 
from east to west Its surface, as a glance at a 
geological map will show, is studded with numerous 
patches of volcanic rock, with lava streams and 
cni tera, many of which are in a remarkably perfect 
condition. 

Here, in Auvergne, more easily than in any 
other place readily accessible from England, vol- 
canoes can be examined while their natural features 
are comparatively fresh and unchanged, yet with- 
out interference from the sulphiu*ous exhs,lations 
and discharges of an active vent. Here we have 
our subject,” to use the language of the surgeon, 
ready for us in the first stage of dissection, giving 
us the clues by which we can interpi’et the more 
obscure signs of volcanic action in the earlier 
geological periods. 

We cannot jjrecisely determine at what date the 
volcanic fires became extinct in Auvergne, As will 
prfjsently he seen, ages elapsed between the first mid 
the last outbursts, during which there were prolrably 
long intervals of quiescence, and it is likely that 
the subterranean furnaces wouhi not cease action 
Bimultaneously over the whole region, but wouhi 
break forth, now hei^, now there, with an expiring 
sputter. 

Tliere is some reason to think that one or two 
isolated outbreaks occurnnl so late as the fifth 
century of the present era, though that is a matter 
on which there is much dispute. At any rate, there 
is a passage in the writings of Sidonius Apollinaris, 
Bishop of Clermont, in Auvergne, and another in 
those of Alcimus Avitua, Archbishop of Vieime, 
which must either be accoimtod pieces of the most 
exaggerated bombast, or must record some of the 
phenomena of a volcanic eruption. 

Before describing a few of the facts which this 
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region teaches us, a sketch of its geological history 
may be in itself instructive. 

It is not till the Tertiary Period is considenibly 
advanced that wo meet with any very distinct 
records of volcanic action in Auvergne. Then, in 
tho Miocene epoch, the inequalities of the plateau 
appear to have been occupied by large fresh-water 
lakes; the surface of these being probably some 
2,000 feet above the present level of the sea. At 
this time volcanoes broke forth on the plateau, 
ejecting mounds of scoria, and flows of lava, till at 
last tlie shoi'es of the lakes, and the marls which 
had gathered beneath their watei’s were in many 
places sealed up beneath great sheets of basalt. Then 
the level of the lakes was gradually lowered. As 
tho water fell, the tributary streams, which took 
their rise among the volcanic hills, deepened and 
eiilai'ged their channels, until the foundation rock 
was again laid bare, and portions of the basaltic 
sheets were left, forming bastion-like crags high 
alK)V 0 the re-excavated beds of the lakes and tlie 
floors ol the glens. 

The volcanic energy appears to have botur for a 
while quiescent. At last, however, it awoke, and a 
number of volcanic vents o^Kined in a s])oiii(lic way; 
some upon th(^ plateau, some on the floors of the 
newly excavated valleys. Tllese, though discharg- 
ing scoria and lava in considerable quantities, were 
smaller than those forrm^d in the preceding period ; 
they resembled the volcanoes of the Phlegrrean 
Fields, mther than the cone of Vesuvius— attaining 
no great elevation, tuuitting no extensive flows of 
lava. It is with these last that we shall at present 
deal. They exhibit no marked signs of physical 
change. Vegetation has masked or rain has fun*owed 
some of the cones ; lichen and moss, herbs and 
shnibs, have occasionally softened the asperities of 
the lava stream, and, in some ciises, the river has 
again carved for itself a passage through tho 
obstacles, and has regained its ancient channel ; but 
on tlie whole, th^ district remains very much in 
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the condition in which it was when the lost shower 
of ashes was ejected fi*om the last exjhring crater. 

These volcanic hills, in the Auvei'gne district, 
bear the name of Puy. We will take our examphiS 
from the chain which studs the eastern cnlgo of the 
granitic plateau, iu‘ai* to llie town of Clermont 
Fermnd. It will at once be observed that in those 
hills there art* marked ditierences of outline ; the 
majority l»eing truncated cones, the usual form of 


Grass and ling have in many places grown over 
this, but there are others still bare. On reaching 
the summit we hud ourselves on the rim of a 
perfect crater, some hundred yards deep and 
about ten times as much in circumference, with 
the ridge still in places so sharp that there is 
Imixlly room to stand upon it. Herbage clothes 
the interior of the crater, and, as Scrope observes, 
it is a singular sj^ectacle to see a heixl of cattle 



Fig. 1 .— Put oi las Solas aitp Put ps la. Vachs (Estinct Voloaitoxs in the Put px I>6mx CbaivX 


volcanic craters ; while a few are flattened domes, 
something like — to use an unjwetical simile — the 
up|>er half of a plum-pudding. The latter, such 
ns the Puy de Dome, the highest summit of the 
group, on examination, prove to be without sign 
of a crater, and to consist . wholly of a peculiar 
variety of trachyte ; their precise geological age ami 
inode of formation are uncertain, but probably these 
hills (with other traohytic masses of greater size) 
are much older than the adjoining cones. 

Of these cones one of the most peHect is called 
the Puy Pariou. Vic^wed from the south it appears 
a well-defined cone, rising some 700 feet above the 
base, with steeply sloping sides (the angle lieing 
about 35^'), wholly comi)osed of volcanic scoria. 


quietly glazing above the orifice whence such 
furious explosions once broke fortk 

By descending on the northern side we j)erceive 
that the structure of this Puy is not so simple as it 
previously apjieared. We there find a crescentic 
ring of scoria, of no great height, clasping the base 
of the cone, and from l)etween the two a stream 
of lava issues, which extends for a considerable 
distance towards the east. In tliis outer and 
broken ring wo have, in all probability, a record 
similar to that which we have already seen in 
Bomma and the cone of Vesuvius namely, the 
remains of an earlier crater, which has been, in 
l>art, destroyed by the formation of a newer one ; 

* “ Soieno© for All,” Vol. II., p. 237 et uqq. 
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though here the older crater is on a smaller scale 
tlian in that historic mountain, and the intei*val 
between the formation of the two was very likely 
not nearly so long as we know was the case in 
the Italian mountain. The outer crater was formed 
first. Possibly its walls were built up to a greater 
height than tlie remaining part now attains ; then 
came a series of explosions, hurling its light 
materials into the air, and afterwards building up 
the inner pile, from the base of which a lava- 
stream was ejected. The discharge of this may, 
indeed, have immediately pi'eceded, instead of suc- 
ceeded, the formation of the second cone. At the 
j)re8ent day, on the Hank of Vesuvius, we may see 
a case resembling this, in the line of cmters which 
were formed during the eruption of 1861. A fissure 
then opened out in the mountain side ; over the 
upper |.)art of this a line of small craters of scoria 
was formed, and from the lower a stream of lava 
issued forth and flowed down the 8lop(3. 

Tliat at tlie bas(3 of the Puy Pariou at one place 
seems to have welled up against the remains of the 
older crater-ring, and rests for a short distance 
upon it like a breaking wave, frozen before it 
fell. As we walk along the surface of this 8tr<;am 
towards the valley we find that though ocmsionally 
overspread by vegetation, it presents the same 
appearance as those which have issued fi'om 
Vesuvius. It risea into ridges; it is fuiTowed by 
wrinkles ; it is crested with slaggy prominences and 
rough lumps ; it is strewn with volcanic dust and 
scoria, like hard cinders orbits of ‘‘pulled bimd,” 
blackened at the fire ; it wells up against project- 
ing emin(?nct»s ; and at last, when it has re^aclied 
the brow of the platoaii, pours in cascades down into 
the glens, and spreads itself out in the valley below. 
We have, tlien, here, in a pre-historic lava stream, 
older probably than the e^irliest day on which man 
walked upon, the enrth, exactly the same appear- 
ances — allowing for the changes wrought by time — 
as we can ob8er\^e on the streams wliicli have 
issued -from an active volcano- during the last few 
centuries. 

Some of the smaller craters on the side of 
Vesusius can hardly be said to have cones. They 
are little more than “blow-holes,” from which gases 
have been discharged in successive* explosions, from 
a molten mass below, ejecting very small quantities 
of scoria — just enough to form a hai^dly-percvptiblo 
ring around the oiifice, and at last to close the aper- 
tui’e, so that it appears only as a bowl-like hollow 
on the flank of the mountain, lined within with 
scoria. Such a crater may be seen at no great 


distance from the Puy Pariou, on the side of the 
Puy de Ddme. It is called, owing^ to its remarkable 
shaj[M3, the Nid de la Poule, or “ Hen’s Nest.” Now 
it is mostly overgrown with gi‘ass, and the cattle at 
|)aRture have trodden down tracks upon the slopes 
so curiously regular to look somtjthing like 
the seats in an ampjiitheati'e, or the contour lines 
on a map. 

If now we transfc;r ourselves to a spot a few 
miles south of the Puy de DAme, we find two cones 
of singular asi^ect, called the Puy de la Vaclie and 
the Puy de las Solas (Fig. 1 ). Each, though rising 
to a considerable elevation above its base, is inii)er- 
feet. Each one has a wide opening on the same side, 
from which issues a stream of lava. On examining 
them we find them almost wholly composed of loose 
scoria, of a refldish colour, piled layer ujKm layer, 
showing that the whole cone has been built up in 
rudely -con centric coats or shells, as shower after 
shower of scoria and dust has been shot u]) into the 
sky by successive explosions, and has fallen like a 
stony liail round about the orifice of the vent. .But 
what, it may be asked, has l)reached these craters ? 
On examining them closely, it hardly seems as if wo 
had here another instance of a deBtruciion like that 
of Bomma ; all that remains is so perfect, and tluj 
opi.mings have so close a resemblance onti to the 
other. When we descend into the craters, and 
examijie their inner slopes, we see here and there 
ailherent craglets and patches of lava in considerable 
(juautities. Borne of these may be flakes, as it wer(?, 
of stony scum, spurted uj) from the molten mass 
beneath; others, however, seem to extend too fur 
horizontally, to be thus formed, and to be more like 
scxim-rings left on the basin by a liquid. 

In the following way, probably, the breach was 
made. Tlie cones were evidcaitly built of scoi*ia 
only, and were raised to their present height before 
the lava issued from the vent. Then this welled up 
in the bottom of the crater, and rose — as it has 
been known to do in volcanoes still active — to some 
height within the walls. These at last — weakened, 
jK)8sibly, by the molten matter which w^as percolat- 
ing through the scoria, and ])erhaps melting down 
some of the fragments— could no longer siistain the 
pressure from within; they gave way, on the side 
nearest the lower ground, and the lava streams 
jxmred forth. Whether the breaking do^vn was 
nearly simultaneous in the two cones we cannot 
say ; probably it occurred in both cases during the 
same eruption, for the two streams ai>|»oar liefore 
long to merge tliemselves together. 

There are places also in this district where the 
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under part of a lava stream may be seen no less 
plainly than the iipi^er. The brooks liave re-exca- 
vated their channels, tlie stone has been quarried, 
or some other cause lias given us a section. One of 
the most inten\stiug of these is in a cutting on 
the roavl, a mile or so south of Clermont Ferrand. 
Here a lava stream Inis flowed over cream-coloured 
marls, with an occasional stony band. On these 
it rests >vith a most irregular base, rising and 
falling some fifteen feet in about thirty yards, 
crushing and crumpling the softer beds, thrusting 
into them tongues and little veins, and entangling 
fragments of thorn in its mass. The mai-1 has 
been baked by the heat, though for no great 
distance, and is changed for a space varying from 
a few inches to a yard, to a briok-red colour. 
The lava has a rough slaggy crust at its bast', 
in thickness from one to six inches, after which 


it passes quickly into a dark compact rook, cut 
by iri’egular curving joints. Hex^ and there it 
becomes suddenly scoriaceoiis, looking as if in 
rolling along it had envolojied fragments of its own 
ci'ust, which after solidifying and resisting for a 
while, had ultimately given way to the pressure of 
the still liquid mass behind. 

Besides the al>ove examples, types only of 
numerous instances, we find cones and lava streams 
which have been more iiijiu*ed by the attacks of 
time. But, as in this region we find all gradations, 
fix)m the ruin to the complete structure, we are 
able to interpret the less by the more |>erfect; and 
as the last bear the closest possible resemblance 
to the cones and cxvitei's of volcanoes still in 
activity, we obtain a clue which we cun apply to 
the more obscure volcanic i*emains of a more 
remote past 


CELESTIAL OBJECTS VIEWED WITH THE NAKED EYE. 

By W. F. Denning, F.K.A.S. 


1 '^HERE are many persons possessing a lov(^ for 
. scientific subjects who relinquish all idea of 
ever doing any ust^ful work l>ecause they have not 
the means to procure exf)ensive and elaborate 
instruments. They imagine that, in order to cop) 
with their contempomries, it is necessary to Ix) 
similarly pro\ided with the best appliances for 
observatiijii and experiment, and a well-stocked 
library of new and standard works for I'eferencc. 
This is particulaidy the case in astronomy. A man 
thinks, when his attention is first attracted to the 
subject, that the colossal tele.scopes, existing in 
observatones in various parts of the world, have 
ali'eady made all the possible discoveries, and that 
a pimy, indifferent instrument such as his is 
incapable of displaying anything new or revealing 
much of what is previously known. He begins to 
desjiair, and when he 1ms soon a few of the chief 
objects dimly portrayed in his small glass becomes 
dissatisfieil, and ultimately it is laid aside as his 
thoughts enter a new groove, for he takes up a 
different hobby holding out a better chance of 
success and pleasure. This has been the case many 
times, and will be so again ; but there is no need to 
say that a person may jiccomplish very useful work 
by tlie proper application of the means at his 
disposal, and that even without any instruments at 
all there is a large amount of valuable asti'ouomieal 


data to be collected and nmny sights to be seen that 
shall fill the sjiectator with genuine interest. In fact, 
there are many celestial appearances which are 
only obserAiible with the naked eye, for they will 
not admit of examination in the contiiicted field of 
a telescope. Tlie chief thing ncc(?ssary to success 
is a great love for the subject, this being required 
to sustain the enthusiast through his nightly vigils, 
and will lead him to devise the means by which his 
ends may l^e best attained, and will point him to 
the particular department in which he is likely to 
acliieve something useful. Unremunerative ialxxur 
tires most men, but the true student of science 
will make any sacinfice of time and labour in the 
development of his observations or theories. Not 
that a man need necessarily let his scientific work 
inteifere materially with his business avocations. 
In the evening, after the day’s toil, rest may be 
found in the contemplation of celestial objects, and 
when the subject is pursued in moderation it 
trauquillises and elevates the mind, and affords 
a welcome relaxation and change. And such obser- 
vations, while thus jiroving beneficial, may become 
of I’eal value to science if the observer records a 
cai’eful and aceui-ate account of what is displayed 
Ijefoieliim. Eclipses of the sun and moon, appari- 
tions of tlie aurora borealis and zodiacal liglit, 
variable stars, shooting stars, comets, and many 
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oiher objects and phenomena conie within range of 
tlie una8sist(^d vision, and I'equire mucli further 
watching and description. To such observations 
as these, extending over a long period of years, 
Professor Heis almost entirely owed his great 
reputation as an astronomer. Telescopes he might 
Lave used, and of the first excellence, had he 
wished, but he preferred to rely upon liis eye alone ; 
and his extensive publications, embracing star 
atlases and catalogues, the paths of many thousands 
of sliooting stars, observations of the zodiacal light, 
ifec., are a suflicdent testimony of his unwearying 
energy, and an incentive to less ardent students 
in the same field. It is true that instruments 
are so much improved, and have multiplied to 
such an extent during the last few yeai*s, that an 
astronomer without a telescope would be deemed 
quite a curiosity at the pi’esent day ; but it is 
-certain that, however much optical aid is necessary 
for some kinds of observation, it is possible to 
-discern many natural beauties with nature’s own 
unaided vision, and thus to gather many new facts 
from the rich stores of space. 

The discoveries made by the ancients long before 
the invention of the telescoj)e show that they must 
have been veiy keen-sighted and diligent in obser- 
vation. The planet Mercury, so rarely to be seen, 
must have eluded detection for a considerable 
period. Iminei’sed in the mists and clouds of the 
horizon, and visible only for a very short interval 
at a time, lie would lie certain to long escape the old 
observers as they eagerly scanned tluj heavens in 
search of new orbs. When once s<^n, however, 
and when the iiosition was found not to be recon- 
ciled with that of any brilliant fixed star, the truth 
must soon have been suggested to the observer. 
With what pleasure must he have awaited the next 
fine evening to verify his discovery, and with what 
zeal must he have again recorded its apparent 
place, finding a slight clLflerence due to the planet’s 
motion, and thus setting at rest, at once and for 
<^ver, the true nature of the object he had been 
watching. Humboldt remarks that from the 
■earliest times the Egyptians were occupied with 
the planet Mercury, and that under the clear sky 
of Western Arabia the star- worship of the tribe of 
the Asedites was directed exclusively to this planet. 
Ptolemy, in the ninth book of the “Almagest,” was 
abhi to avail himself of fourteen observations of 
Mercury, extending back to 261 years before our 
era, and lielonging in part to the Chaldeans. Thus, 
the old astronomers proved themselves to bo 
observers of remarkable ix)wor. From their 


watch - towers they recorded the motions and 
phenomena of the celestial orbs and depicted the 
places of the stars. Many historical records of 
eclipses have been handed down to us, and in old 
chronicles one may find notices of large comets 
which generally inspiiod people with dread, for 
they were thouglit to be of malign import, bring- 
ing with them famine and disease. And it is not 
surprising that such objects were looked upon with 
terror at that time, when they were so little under- 
stood, for there is much in the apparition of a great 
comet to instil dread into the i>opular mind. The 
flaming train, the brilliant nucleus, the rapidity of 
motion, were calculated to fill ignorant ol>servers 
with awe. It is diffei’ent now, when so much has 
been learnt of tlici nature of those bodies, and we 
are come to regard them simply as multitudes (or 
streams) of shooting stai*s, incapable of harm or evil 
influence. 

Coming down to more modern times, one of the 
most remarkable of naked eye observations was 
that by Moestlin (Preceptor of Kejder) of eleven, 
and perhaps fourteen, stars in the Pleiades, com- 
monly called “the seven stai-s.” To ordinary 
vision six stars only arc visible, but the telescope 
has displayed a large number of fainter ones 
scattcired amongst the gi’oup. On December 24, 
1579 (nearly thirty years before the invention of 
the telescope), Mcx^stlin determined the )>o8itions of 
eleven of them, and they are found to coincide with 
tlie points now more exactly ascertiiined. The 
writer has frequently looked at this well-knowu 



Fijf. 1.— The Pleiades os seen by the 27ak6d Eye, 
December 6th, 1^6, 


asterism, and finds thirteen stars usually visible to 
the naked eye. On the night of December G, 
1876, when the atmosphere was exceptionally 
transparent and the stains shining with remarkable 
brightness, fourteen were detected in tlie positions 
approximately assigned in the sketch (Pig. 1). 
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Tliis group forms a specially interesting object, 
and is fa\'oumbly visible tlu'oughoiit the autumn 
and winter montlis. The smaller stara are very 
faint, and the observer should remeral)er that a 
minute object is often glimpsed by averted vision 
when steady, direct gazing fails. Anyone who 
cannot succeed in seeing these smaller stars of the 





Fig. 2.- .Jupiter as oliaerrtxl th« Nnkod Ej’o (a) and aa observed 
ill a Telescope id). 


Pleiades will have no chance in observing tho 
8aU‘llites of Jupiter with the naked eye, for though 
they have been undoubtedly (hiteeted without tele- 
scopes, y<jt tlioy are very faint, and being immersed 
in the planet’s rays, are almost wholly overpowered, 
except at the* lime of greatest elongation, when two 
of them (tlie tliinl and fourth) being o<‘casionalIy 
in oonjuiictif>n, afford a eiipital o])portiinity for 
testing the vision (Fig. 2). These little moons 
are generally in a line witli each other, though 
not invanaliJy all visible, for they suffer 
numerous eclipses and allied plieiiomena. As 
to Jupiter hunself, he is often perceptible in 
daylight. Bond Inis often seen him with the 
naked eye in high and clear sunshine, and 
the wnter has observed the planet sevend 
times half an hour after sunrise. Venus is 
always a very conspicuous object in the day- 
time, when her |)OHition is sufficiently distant 
from tJie sun. The writer has fn^uently 
seen this planet at noon, shining very strongly, 
and she has been similarly noticed by many 
{H*ople. In fact, there is no difficulty what- 
ever in seeing this beautiful planet in the day- 
time, if the [Mjsition is pretty well known, and 
cartj is taken to make the obseiwation from a place 
ivlierc^ the sun’s dir ect rays are intercepted and can- 
not dazzle the eye. 

Another object of some interest to naked eye 
obsTjrvers is the middle star (C) in the tail of TJim 
Major, which has a small companion, named 
Alcor, close to it. It was called 3aidak ” by the 


Arabs, signifying “ the Tester,” for it was customary 
amongst them to teat a man’s jwwer of sight by it. 
Humboldt, in his “ Kosmos,” saya that he has seOn 
the smaller star with great distinctness every 
evening on the rainless coast of Cumana, but has 
recognised it only luixily and uncertainly in Euro]r)e. 
Obsei'vei’s nray, however, iind no difficulty in seeing 
the star, for it is a remai'kably easy object, and, at* 
tho present time, certainly no test of vision. It 
may possibly have become brighter than it formerly 
was, for it is now extremely plain, even in un- 
favourable conditions of the atmosphere. There is 
a third and fainter star near it whicli really forms 
a very difficult object to reach with the naked eye. 

There are sonuj stai’s, alfordiiig gooil examples of 
proximity (tlioiigh differing little in magnitude), 
which i-etjuire eartj in separating them without re- 
sorting to instrumental aid. The chief star (Alpha)' 
in Capricorn us consists of two stars of the third 
and fourth magnitudes, about six and a quarter 
minutes of arc asunder (corresponding to one-fifth 
of tlie moon’s diameter), and readily distinguislied 
as a rlouble star. Kpsilon liVne ]U'<'sents another 
(thougii more (.lifficuU) instance of like natui'c. 

Tlie sun and his dark spots offer another object 
of attniction, though it caiiiiot be denied that a 
tclesco|»e possi‘ss(‘s a great advantage in such work. 
The spots wore tii-st seen, however, many centuries 


bcifore that instniinent came into use. They appear 
on the sun in large numbers, and often of con- 
siderable size, at intervals of about eleven years, 
when they are frequently perceived by the naked 
eye. On Marcli 31, 1870, the writer saw four 
large spots on tlie sun just befoi*e his setting, when 
the haze on the horizon allowed his disc to bc^ 



Fig. Jl.— Snuspot, May 6f>i, 1871 : 2.80 p.m. Teleftcopic View (j 
May 7th, 1871 : 11.30 a.m. Telescopic View (b). 
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ijoiiveniently Hcanned. There were many spots ui)oa 
the sun about tliat period ; and one observer, who 
detected them with no other help than ooloiuwl 
glass to sliield his eye, describes them as forming 
two parallel bands across the sun, one on either side 
of his equator. There was a fine sj)ot visible on the 
sun in May, 1871, which in a good glass exhibited 
some interesting detciils (Fig. 3). When the sun's 
light is partially obscured by fog, as it often is at 
rising and setting, a sjx)t may often be discerned ; 
and during ensuing years we shall find many such 
instances, near the time of maximum inteiiBity of 
these phenomena. 

The full moon as she rises is one of the grandest 
of celestial sights. At the time of harvest, When 
i>he comes above tJie horizon at about the same hour 
on several successive nights she is best seen. The 
dark irregular outlines of licr plains may be readily 
distinguished, and perhaps a faint indication of 
some otlier features. It is a very interesting point 
to see how soon after conjunction new moon) 
she may be observed. At 7 p.m. on March 30, 
1881, the writer saw the moon when less than 
tw(?ntyone 110111*8 old, and visible os a very slender 
crescent indeed. In the spring montlis an observer 
may sometimes outcli the yo\uig moon very early, 
but only when the sky is unusually clear. An 
instance is recorded of the moon's thin ci*eacent 
being seen early one morning before sunrise and 
after sunset on the following day, and in the toiTid 
zone Vespucius is said to have seen her east and 
w<?st of the sun on the same day. 

The near approach of planets and blight stars 
-(siich as Aldebaran in Taurus, or Antares in Scorpio) 
to the moon are well observable by the naked eye. 
80 are conjunctions of planets and similar occur- 
rences, which are always notified in almanacks, from 
which we may easily find when and where to look 
for them. 

Of the planets Mercury is the most unique object. 
He was designated the strongly sparkling " 
by the Gi^eeks on account of his occasional 
intense light. The planet is alternately in view as 
a morning and evening star, when at greatest 
^^longation west or east from the sun, and at such 
limes he may be generally seen near the liorizon, 
“liough Copernicus, who lived to attain his seventieth 
ear, complained on his death-bed that he hod 
ever seen him. In May, 1875, he was observed 
y the writer on thirteen evenings. The planet’s 
pht varies, however, on successive nights, owing 
^ the I'apid difibrcnce in phase and distance from 
eortli. 


Uranus is visible to eyes of ordinary i)ower, 
but is liable, from his faintness, to be con- 
fused with small stars lying near his path. 
The exact position he occupies should be found 
from an ephemeris, and marked on a reliable 
star map, then comparing it with the sky, the planet 
may be recognised, and if tlie observations are con- 
tinued for several wcjeks a slight change will be 
seen to have occurred, and thus his identity will be 
beyond question. 

But the several objects to “which we have been 
referring are mere interesting tests for the eye, 
from which the observcjr may often gather some 
pleasure, though it can hardly l>e said that such 
work can benefit science. It is in other dei>art- 
ments that the amateur should chiefly confine his 
energies, and to these we may now briefly tiini. 

Eclipses, though best observable in telescoi^es, 
present phenomena properly within reach of the 
naked eye. The gathering darkness as the eolii>se 
increases, its intensity and efiects upon the sky and 



Fig. ’i.'-PartiAl Luuar Eolipso as observed in a small Glass. 


landscape, ai’e very imposing to one who witnesses 
the sj>ectacle for the first time, and the impression 
it gives is perhaps never forgotten. In eclipses oi 
the moon the intensity and colouring of the earth's 
shadow, as observed projected upon our satellite, 
vary a good deal in diftereut eclipses, and it should 
be the aim of observers to note these peculiarities. 
At totality the moon's surface still remains visible, 
with the chief outline of her more pi*oininent 
features, though instances have l>een recorded in 
which the moon’s face has been wholly obscured, 
for the density and extent of colouring on the 
ovei'shadowed moon depend in great measure upon 
the condition of the earth’s atmosphere, through 
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which the sun’s rays are transmitted to her 
surface (Fig. 4). 

Varial>le stars, and those sii8i)ected variable in 
light, should be often examined and their illative 
brightness recorded. In the case of the more 
conspicuous stai*s no glass is required. The im- 
portant fact to ascertain in connection with 
variable stai*s is their j)eriod8 of greatest and least 
brilliancy, and this is best found by fm|uent estima- 
tions of the comparative histre of the stars. It is a 
good plan to compare two adjohiing stars (differing 
little in magnitude), and, glancing back from one 
to the other stweiiil times, determine their relative 
brilliancy. Argelander has adopted a convenient 
method of denoting the results by “ steps ” or 
gradations of light Thus if two stars, a and 6, are 
exactly equal, then we may write ah or ba^ which 
indicates equality, but if on attentive comparison a 
is found just perceptibly tlie brighter of the two, 
tlieu alb signifies the difference. If a apj)ears 
decidedly the brighter stir, then write a 2 ft, and so 
on u[) to four steps, beyond which it is not con- 
sidered pmctical to estimate with any certainty. 

Shooting stars* ai^ especially within the |>rovinc<j 
of the amateur. Every fine night wlieu tlu* moon 
la aVjsent the sky should be watched, and their 
apparent paths among the stars registered. Many 
different in(dt‘or sbowei*s are in activity eveiy day, 
and it is to determine the positions of these tliat 
further watcliing is required on the part of ohst^rvers. 
They may l>e found by noting the visible diiections 
of the meteors and projecting their apj)ar(mt paths 
ui>on a star cliart, when it will l>e discovered that 
they have several [)oints of convergence or intersec- 
tion in the same Imckward line of motion. The 
valuable facts to ascertain in coniu^ction with 
meteors are the Jiccurate centr(»H of these radiant 
points, and thtjre app<*ar to be vast numbers of 
them. 

Tlie “ Northern Liglits/’t though oidy an occa- 
sional pltenomenon, should be carefully looked for on 
clear nights. There are many varifjties of these appa- 
ritions, and even during the same display the form 
undergoes mpid and sticking modifications. Some- 
times we RWJ an array of streamers friugmg the 
northern liorizon and stretching ufi wards to dif- 
ferent altitudes. Sometimes a coronal arch spans 
tlie heavens in that direction, and sometimes tlie 
wliole sky there is suffused with an intense glow, 
and there are marked condensations of light in 
various quarters. But under whatever form the 

* “ Science for AU,” Vol. JX, p. 144, ti Sffjq. 

*‘Boienco for A3J,” Vo3 . fX., j). 1, ct seqg. 


phenomenon is perceptible, if it ia watched long it 
will be seen to assume new asjiects, and it is for 
the observer to carefully note these as they succeed 
each other. The intensity and jiositions of the^ 
streamers, with their durations and altitudes, and 
other similar details that will suggest themselves,* 
must be faithfully recordetl, so that in future 
displays the facts may be compared and utilised by 
those who would deal theoretically with these 
remarkable exhibitions. 

The zodiacal light should also be made an object- 
of investigation whenever the weather is clear. It 
is generally more intense in the evenings of March 
and mornings of October than at other seasons of 
the year. In 1879 it was also very brilliant on 
several evenings at the end of January. Its com- 
parative intensity at different times of the year 
should bo made the subject of much further in- 
quiry. The altitude and place to which the sloping 
cone of light ascends should be always e8timaU!d 
with care. 

Comets are not often large enough to be seen 
by the naked eye, but when one of these ohjiicts^ 
makes its apjn^arance it may be conveniently foL 



Fig. 6.— The Great Comet of 1858 peuMing the Star Ai^cturua, on 
October Wh. 


lowed night after night as it passes through the 
constellations. The form and length of the tail 
may be approximately ascertained by comparisoii 
with stars, ami the general pictni'e will ix)8sess more 
attraction than can be affordetl telescopically, fo» 
the view will be of greater extent and variety. 
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Sometimes an opera-glass is a very valuable adjunct 
in obBervations such as these, and in the absence of a 
telescope will often prove an efficient substitute. 

A most unique spectacle for the naked eye was 
presented by Donati’s large comet on October 5, 
1858 (Fig. 5), as it crossed over the brilliant star 
Arcturus. 

In addition to the objects and phenomena here 
:^evei’ally refen^ed to as affording interesting work 
for the unassisted eye, there are many others, some 
of which will come before the observer as he ex- 
plores the sky. The scintillation of the stars at 
different altitudes, the coloura of the stars, the 
occun'ence of solar and lunar halos, ifec., may 
also l)e mentioned as likely to attract notice, though 
the latter are meteorological phenomena dei)ending 
on the condition of the atmosphere, which, in fact 
gives rise to many such appearances. It is very 


unfortunate that clouded skies so often baffio the 
observer, and that in tliis climate we do not oftor 
obtain a really favourable view of celestial objects. 
Thus many occurrenccjs of rainty i)as8 unrecorded. 
It is seldom that anything near the horizon can be 
well seen, for mist and smoke congi*egate at low 
altitudes and intercept the clearness of the view, 
though celestial objects look very conspicuous when 
low down, much more so, indeed, than when near 
the zenith. Disapi)oiutmeut is one of the frequent 
ex|)eriences of the astronomer, but it often proves 
an incentive to increased vigour and watchfulness. 
Wc know that difficulti(»s often intensify ardour, 
and here, in the? wide domain of astronomical 
science, there are many attractive difficulties, many 
problems to solve*, and many alluring wonders to 
be seen by the aid of very small instruments, and 
even by tlie nakel <'y(' aloiu.*. 


THE COLOUR OP THE SEA. 

By John James Wild, Ph.D., F.R.G.S., 

Late q/ the Scimtijic Staff of H.M.8. ** ChaUenger," vie. 


A n inquiry into a subject so familiar to every- 
one as the apptjarance, and more especially 
the colour, of the sea, seems at first sight to 
promise little that may prove to be either new, 
interesting, or useful. Ever since poet indited 
vei-se in praise of the “ deep blue sea,” or painter 
took up the brush in order to portray the glories of 
the ‘‘azure main,” it has been settled for us and 
for all time that the sea is blue, and such expres- 
sions as the “blue deep,” and the “blue ocean” have 
become stereotyj>ed phrases in the vocabulary of 
our language. Yet the fact that the waters of the 
sea sometimes appear, and very often are of a dif- 
ferent colour, forces itself on the attention of even 
the most superficial observer. As we take our 
stand iqK)n the shore, the waves, which in the 
tlistance are of a dark blue tint, jissume on nearer 
approach a more grt^enish hue, until at last, laden 
with ]iai'ticles of sand, or mud, stirred up by their 
own commotion, they break at our feet a yellow or 
brown mass of water. Or if, from some tall cliff, 
we look down upon the sea, the latter often api>ears 
divided into light and dark col 9 ured patches, an 
appeamnee which we are at once tempted to ascribe 
to the nature of the sea-bottom, here composed of 
wlute or yellow sands, there of dark rock, covered 
v/ith sea-weeds. A glance at the map of the world, 
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where we find such names as the “ Red Sea,” the 
‘‘Yellow Sea,” the “ Black Sea,” the “White Sea,” 
also shows that other colours besides blue have 
attracted the attention, and impressed themsch es 
upon the memory of the early iiavigatei’s of these 
seas, although in some of the instances just quoted, 
the name probably had its origin, not in the actual 
colour of the water, but in the iispect of the sur- 
roiinding land, such for example as the gloomy and 
inhospitable-looking coasts of the Black Sea, and 
the snow-clad, ice-fringed shores of the White Sea 
Again, the manner in which the sea surface reflects 
the varying hues of the day, from the pearly grey of 
dawn to the crimson and gold of sunset, or changes 
its tints oc^cording to the state of the weather, from 
cerulean blue to an inky bhuik, is well known to 
all dwellers by the sea-side. However, it is not 
with these transient and readily explained effects 
of illumination tliat we intend to deal at present, 
but rather with the causes which determine the 
actual colour of the sea-water, as exhibited with 
more or less ^Kjrmaneucy in different parts of the 
ocean. 

Tlie changes in the colour of the sea have 
attracted the attention of seafaring men from the 
earliest times. They struck with wonder the 
Phoenicians when first they ventured out of the 
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Meditdn*an6an into the Atlantic ; they excited the 
astonishment of Columbus and terrified his com- 
panions, while in searoli of tlic far-famed Indies ; 
and they are no less a surprivse to the modern navi- 
gator, to whom the march of discovery has left few 
unexplored regions in st<»re. 

Numerous theories wei'e offered in explanation 
of these changes, some ascribing them to the vary- 
ing colour of the sea-bottom, some to diffei'ences in 
depth, others to the presence of ceiiiain colouring 
substances, others, again, to the chemical compo- 
sition of the water. Most of these suggestions 
contained an element of tinith, although no one of 
them, taken by itself, sufficed to account for altera- 
tions in colour which had often l)een observed to 
occur in the coui'se of a few hours’ sail, and within 
a distance measuring loss than a ship’s length. Of 
late yeare, as the rea«lei' is aware, numerous scien- 
tific expeditions have been fitted out and despatched 
by the Gk)vernment8 of England, Norway, Germany, 
and Americii for the expi’ess ])urpose of exploring 
the secrets of the deep. Among the problems 
which have now, for the first time, received a satis- 
factory solution, new light has also been thrown 
upon the coiulitions which affect the colour of the 
sea- water in every inirt of the ocean ; thus com- 
pleting the infoimation for which we were indebted 
to the unaided exertions of earlier tinvellein. 

One of the most reinai'kable, and most widely 
distributed contrasts of colour, is that which is 
known to exist l^etween the intensely blue seas 
situated between the tropics and the green seas of 
higher latitudes. It ap|K?ars, as the result of recent 
ol)8ervation8, and more es|>eciHlly of a series of ex- 
periments made on lioard the German frigate 
Oazelhy that there is an intimate relation l>e- 
tween tlie colour of sea-water, and the proportion 
of salt held in solution by the latter. On com- 
paring the 8])ecific gravity of green water with 
that of blue water, it was found that the latter is 
always heavier than the former, and, therefore, at 
the same time more salt, the two differently coloured 
watera being supposed to have the same tempera- 
ture. In other words, the gi^eater or lesser intensity 
of the blue colour of sea-water may be taken as a 
direcjt index of its saltness, and of its 8[)ecific gravity, 
HO that when wo observe the colour of the w’^ater 
successively change from a deep blue to a bluish 
green and a dark green, we may conclude that the 
water has become at tlie same time less salt, and 
less heavy. This result agr(*es with the experience 
of navigators in every j)art of the ocean, for, as the 
vessel proceeds from the dense and salt watei’s of 


the tro[>ical regions towaixls the lighter and fresher 
watei-s of higher latitudes, and of the polar regions, 
the colour of the sea is seen to change fi'om an 
intense blue to a greenish blue, and green tint. 
There are, however, numei*ous exceptions. Green 
seas are met with between the tropics, and blue 
seas are encountered in the tem^^erate region, and 
even within the Algetic circle, but these exceptions, 
as will presently appear, far from contradicting, 
only tend to confirm the above inile. 

During the cruise of H.M.S. Challenger from tlie 
Canaries to the Cape de Verde Islands, when the 
sldi> about half-way between the two groups 
and at a distance of about five hundred miles 
to the north-west of the mouth of the rivtu* 
Senegal, the water of the sea was observed 
to change from a blue to a gi*een colour, and to 
retiiin the latter colour for the next following days, 
so that this gi-een water must have covered a con- 
siderable area between the two island gi'oups. A 
similar change of colour, accompanied by a decrease 
in the 8|x?cific gravity of the water, was recorded 
by the officei’s on Ixiard the Gazelle on her voyage 
from Ascension Island to the mouth of the nver 
Congo. Already at a distance of 900 miles from 
the African coast the colour of the water was s(^n 
to pass from dark blue to a bluish green. Two days 
afterwards it became again blue, but on the tliircl 
day the water assumed a dark green tint, which 
gradually turned into a dirty green, until at a 
distance of more than 200 miles from the mouth of 
the Congo, the shi}) entered the brown waters 
which that mighty river carries down to the sea. 
All these changes of colour were accompanied by a 
coiTospouding change in the specific gravity of the 
water, which was found to increase as the watt^r 
liecnme more blue, and to decrease as the colour 
changed to green and finally to a brown tint. 
There can be little doubt that those wide areas of 
green water discovered by the Gazelle and the 
Challenger oft' the mouth of the Congo and the 
Senega] are due to the immense volumes of fresh 
water constantly poured into the sea by these gi’eat 
African livers. The fresh river water, on account 
of its inferior specific gravity, will float on the top 
of the heavier salt water of the ocean, and, as we 
may safely conclude from the above observations, it 
continues to float thus for a considerable time, and 
to a distance of several hundred miles from the 
mouth of a large river. A convincing proof of tho 
difference in colour between river water and sea 
water, and of the fact that the former floats and 
spreads out on the top of the latter, was furnished 
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by a remarkable sight witnessed on board the 
Gazelh both on entenng *ind leaving the mouth of 
the Congo. The action of the sliip’s screw was 
observed to bring up the sea water from below to 
the surface, which thus formed a dark gi*een track 
in the wake of the ship, while the brown waters of 
the Congo continiied to flow on both sides of the 
track, and soon after were seen to close in once 
more over the green water. Occurrences of a 
similar kind have j)robably been noticed at the 
mouths of other great rivers, but they have not 
been studied with the attention they deserve. 
From experiments made to test the transparency 
of sea water, it would also seem that the proportion 
of salt contiiined in the latter considerably afiects 
th (5 depth to which an object lowered into the sea 
remains visible to the naked eye. For example, a 
white tin sent down into blue, that is to say, very 
salt water, remained visible at a deptli of fifteen 
feet, while in green or fresher water, it disapi>eared 
iit a depth of only eiglit feet. 

Just as green water may bo met with between 
the tropics contrasting with the normally deej) 
blue colour of the equatorial seas, so is water of an 
intense bine found outside the tropics, forming a 
not less remarkable contrast with the usually blue- 
green, or entirely green, waters of higher latitudes. 
A well-known instance of this is furnished by the 
Mediterranean. Tliis sea, the deepest part of which 
— between the islands of Malta and Crete — exceeds 
two miles, forms a deep basin only communicating 
with the Atlantic Ocean by a narrow* and compai’a- 
ti\ely shallow^ channel, the Stmits of Gibmltar. 
E>Ji>OBed to the rays of a meridional sun, while at 
the same time the supply of fresh water from rivers 
is in.significant when compai*ed with the superficial 
area and the depth of this sea, the waters of the 
Mediterranean arc condensed by evaporation, and 
nro rendered moi*e salt and heavier than tlic waters 
of the Atlantic outside, hence the Ijeautiful, intense 
blue colour of this sea, which forms so im|>ortant a 
feature in the coast scenery of tliat region. 

The Gulf-stream current supplies another example 
of tlie occun’ence of deep blue water outside 
the tropics. This powerful current, as it issues 
from the Straits of Florida, pours the warm and 
intensely blue watei*s which it lias gathered during 
its progress through inter-tropical seas, into the 
North Atlantic. As it flows towartls the north 
and north-east, the Gulf-stream comes in collision 
witli the Arctic current, also known as the 
Labrador ciuTent, and which runs in the opposite 
direction. In consequence of this encounter, the 


13ortion of the Atlantic between the Bennuda 
Islands and the Banks of Newfoundland is 
divided into broad, shar[)ly defined streaks of 
alternately green and blue water, green whoi'e the 
Arctic current nses to the surface, blue where the 
Gulf-stream cuiTent is seen to pursue its way 
towards the western shores of Europe. Even inside 
the Arctic circle; near Spitzbergen, and off the 
west coast of Greenland, navigators have been able 
to trace and to identify by its blue colour the 
water carried into the Aictic regions by currents 
from the south, and thus to distinguish it from tlie 
green polar water by wliich it is surrounded. 

Thus it is evident that an attentive observation 
of the colour of the sea may lead to conclusions 
interesting and useful not only to the scieniitic 
inquirer, but also to those hardy men who earn 
their living upon the watei’s. Both the fishermen 
on the coast and the mariner upon the high seas 
t»ike note of the colour of the water as afibitUng 
trustworthy indications of the vicinity of land, or 
of the mouth of a river, the depth of the water, 
the presence of a current, kc. When the mariner 
finds himself lost in a fog, or when the sky has for 
days been covered witli clouds, so as to prevent 
the taking of observations, tlie colour of tlie sea 
may give him a clue us to his whereabouts, 
and often by tliis means he has been able to save 
both himself and the property entrusted to him 
from imminent destruction. On the other hand 
the scientific traveller may use the colour of tlu^ 
water as a trustworthy index of its saltness and 
sjiecific gravity, or as a guide in following the track 
of those great oceanic currents which flow from the 
Equator to the Poles, and return thence as cooling 
streams to temper the heat of the Toirid Zone. 

Tlie varying tints of blue and green, liowever, 
were not the coloui's wliich most attracted the 
attention and excited tlie astonishment of the 
adventurous navigators, who boldly steei*ed their 
coui*se towards distant and hitherto unknown 
seas. Picture their surprise and even dismay when 
they suddenly found themselves in sight of, or 
sailing in the midst of wide tmets of water of a 
red, or yellow, or brown, or dark inky colour 1 
Oftentimes they discovered, upon nearer insi>ectioii, 
that this strange appearance was due to vast masses 
of floating seaweed, now linked together so as to 
forai long coloured stirnks extending as far as the 
eye could reach, now congregated in wide patches 
like so many floating islands. These seaweeds 
or aquatic plants form, as the i-eader is awai^. 
an important sub-division of the vegetable kingdom. 
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and lire claHsed by the botanist under the name 
of A Igce. They alix)und largely both in salt water 
and in fresh water, but of marine species alone 
moi*e than 6,000 have been de8cril)ed up to the 
pi’esent. These algae iuolu<le some of the largest 
plants in existence as w^^ll as the most minute, 
visible only by the aid of the inicroscoiie. Gigantic 
algte occur in the greatest abundance in the 
vicinity of the islands of the Southern Ocean, 
more €^[>ecially Kerguelen’s Land, the Heard 
or MacDonald Islands, Prince Edward Islands, 
Tristan da Cunha, and the Falkland Islands. 
The lai’gest among them is Macrocytitis pyrifora, 
which congregates in masses that from a 
distance look like meadows. Many specimens of 
this plant have l>een seen measuring 300 feet in 
length, and some even extending to 700 feet. 
Another large, brown-coloured species has l)een 
named D' CrnUlam nil! is. The hitter when rolled 
by the suii on tlu‘ beach forms enormous cables 
stiveral hundred feet long, and as thick as the 
human body. Such aibles washed off by storms 
and carried out to sea are suspected to have given 
rise to the story of the far-famed, but os yet un- 
discovered siia-serpent. Many seaweeds are found 
attached to I’ocks by root-like processes which 
enable them to sway al>out in the water. To these 
belong the w^ell known tangles — Lamvmrui — of our 
owTi sea-coast. Other seaweeds are always found 
floating. Such is tin* case with the celebratotl Gulf- 
weed — Saryasaum bacciferum — a characteristic 
and stnking feature of the centml jiortion of 
the Noi*th Atlantic, hence named the Sanyisso Sea, 
from the Sjmnish word Snryazo, meaning seaweed. 
It presents the appeai’ance of yellow, featheiy 
bunches, sometimes swimming separately on the 
surface of the sea, but more frequently congre- 
gating in wide ])atches and streaks extending as 
far Jis tin* horizon. These bright yellow patches, 
divided from each other by a labyrinth of deep 
blue lanes, when lighted u[» by the almost jier- 
manent sunshine of these latitudes, offer one of the 
most extraordinary and not readily forgotten sights 
witnessed by the travelh^r on the ocean. It is 
these floating meadows which seemed to have 
inspired the comjianions of Columbus with dismal 
forebodings, as we find recoitk*d in the accounts of 
their tirat voyage across the Atlantic. To their 
siqjerstitious minds the ocean ap[>eared to have 
bmi couvei-ted, through the influence of malign 
powers, into an midless tangle of a mysterious 
vegetation, spreading far and wide, and threatiuiing 
to arrest the ship in its courae. 


When, as in the instances above mentioned, the 
abnormal colour of the sea proved on nearer 
inspection to be causixl by vast accumulations of 
seaweed floating on and near the surface of the 
sea, the explanation of these unusual appearances 
presented no difficulty whatever. But from the 
earliest days of ocean navigation, large patches and 
extensive areas of discoloured sea-water have been 
traversed by ships in different parts of the ocean, 
moi*e especially in the cold seas of the Aratic 
and Antarctic regions, where even on the closest 
ins]>ection there was no trace of seaweeds or other 
vegetable or animal organisms visible to the naked 
eye, sufficient to accoimt for the change in tlie 
colour of the sea, and for a long time the pheno- 
menon remained a mystery, a fertile source of more 
or less absuivl conjectures. For example, in their 
attempt to explain the origin of the name of the 
Red Sea, ancient writera 8{)eak of mountains which 
cast a rad raflection on the sea — of red sand — of 
divera bringing up a red substance resembling 
001 * 01 , ike. 

The veteran navigator, John Davis, in tlie 
account of his fiim voyag(* in June, 1585, to tlie 
strait which now liears his name, remarks that in 
the strait “ the water was very blacke and tbicka, 
like unto a filthy standing |>ool.^^ Captain 8<!oresby, 
during his numeraus whaling exj>editions in the 
Arctic Sea came to the conclusion that this dis- 
coloured water formed perhaps one-foui*th jiart of 
the sea surface between the imrallels of 74*' and 80 * 
north latitude. “ Sometimes,” he says, “ I have seen 
it (extend two or three degrees of latitude in length 
and from a few miles to ten or fifteen leagues in 
bi*eadth. It occurs very commonly about the 
meridian of London in high latitudes. In the 
year 1817 the sea was found to be of a blue colour 
and transparent all the way fi’om 12'* east, in the 
imrallel of 74'* or 75 * north latitude to the longitude 
of C* 13' east in the same parallel. It then became 
green and less transjiarant ; the cjolour was nearly 
fjrass green., with a shade of black. Sometimes the 
transition between the green and blue waters is 
progressive, jmssing through the intermediate in 
the space of thrae or four leagues ; in othera it is 
so sudden tliat the line of sejiaration is seen like? 
the rippling of a current ; and the two qualities of 
the water keep apparently as distinct as the waters 
of a large muddy river on firat entfjring the sea.” 
A more recent voyager in the Arctic Seas, Dr. 
Robert Brown, to whom we ara indebted for the* 
fii*st satisfactory explanation of the true cause of 
this discoloration — and his ol)servations have 
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been confirmed by Koldeway, Nordonskjold, and 
Nares — states : I have often observed the vessel 
in the space of a few houi's, or even in shorter 
peiiods of time, sail through alternate patclies of 
deep black, gi’een, and cenilean blue ; and at other 
times, especially in the ui>t>er reaches of Davis 
Strait and Baffin’s Bay, it has ploughed its way for 
fifty or even a hundred miles through an almost un- 
interrupted space of the former colour. The opacity 
of the water is in some i)laces so great that 
‘ tongues ’ of ice and other objects cannot be seen 
a few feet beneath tlie surface.” Professor Nor- 
denskjdld, the intrejnd Ai*ctic exjdorer, referring to 
Dr. Brown’s previous observations, makes the 
following i*emarks on the colour of the Arctic 8eas : 
“ The sea-water in the neighbourhood of 8pitzbergen 
is marked by two sharply distinguished colours — 
greyish-green and fine indigo-blue. In the Green- 
land Seas we also find water with a very decided 
shade of brown. These colours an* sc^en most pure 
if one looks vertically down from the ship to the 
surface of the water through a somewhat long pipe. 
’I’ht* green, or rather grey-green, water is generally 
met with in the neighbourhood of ice (whence it 
was 8 up]) 08 ed to arise from the Arctic current) ; 
the blue, whei'e the water is free from ice ; the 
brown, as far as I am awaix% chiefly in that part of 
Davis Strait which is situated in front of Fiskernaes. 
When sjjecimens of tin? water are taken up in an un- 
colourod glass, it appears perfectly clear and colour- 
less, nor can one with the naked eye discover any 
organisms to account for the* colour. But if, when 
the vtdocity of the ship allow's of it (i.e., when the 
ship makes from om^ to three knots an hour), a fine 
insect net be towed behind the ship, in the green 
and brown water, it will soon Ijc found covered 
with a film of — in the former case green, in the 
latter case brown, slime, of organic origin, and 
evidently the I'eal cause of the abnormal colour 
of the sea-water.” Another fact, well known to 
whalers, is that these patches of discoloured w^ater 
aie frequented by vast sw’arms of minute animals 
which form the principal food of the great “ Right 
Whale” of commerce — Baimm myaticeins, Accord- 
the “ black water ” is eagerly sought for by 
the whaler, knowing that sinc(^ it sw'anns wdth the 
food of tlieir chase, they are more likedy to find the 
animal itself. These small animals — chiefly Medusae, 
Crustaceans, Pteropo<ls, and many other lower 
forms of animal life — were at first su{)posed to l)e 
the cause of the abnormal colour of the sea-water, 
but when, owing to a change in the weather or for 
some other reason, these organisms disappeared 


from the surface of the sea, it was observed that 
the water still retained its peculiar colour, and 
hence the real cause of the discoloration had to be 
looked for elsewhere. 

Dr. Robert Brown, during his voyage in 1861 to 
the seas in the vicinity of Spitzbergen, and subse- 
quently to Davis Strait and Baffin’s Bay, submitted 
specimens of this discoloured water to a careful 
examination under the microscope. He found that 
not only does this water swarm with small animal 
oiganisms as had been noticed by previous observers, 
but that it contained at the same time immense 
numbei’s of still more minute objects which he 
identified as being Diatoms^ iuicix)scopic organisms 
for a long time considered by the highest scientific 
authorities as animals, but now included in the 
vegetable kingdom and classified with the Mono- 
cellula/r Algcn, These minute vegetables, taken 
separately, are invisible to the naked eye, but 
when gathered together in thousands and hundreds 
of thousands, they assume the appearance of a thin 
film or slime of a ytdlow, or green, or red, or most 
frequently of a brown colour. Difiused in water 
in numbers which transcend the bounds of human 
imagination, they undoubtedly are the cause of the 
abnormal colour of the sea-water so frequently 
observed in difl<)rent parfs of the ocean. 

The DitUonui^emy so called from a Greek word 
which means a cutting through, a division or 
se[)aration, consists of a soft, variously coloured, 
granular, living matter enclosed in a hard, trans- 
parent, siliceous covering. The latter is composed 
of two valves which fit into each other by mcjans of 
an upright rim projecting all round the edge of 
each valve. Their form varies with the different 
species, some being circular, others oval-shaped, 
some straight or linear like infinitely small rods, 
others are bent m the fonn of a crescent. Some 
widely distributed sjiecies are oblong, thickest in 
the middle and tapering off towards each end and 
hence have been named Navimihn, i.(\, little ships. 
(Figs. 1, 2). Perhaps the most surprising fact in con- 
nection with those minute denizens of the sea, and 
which at first sight seems concl usive as to their animal 
nature, is that they have been deserved to possess 
a motion of their own. Some species are seen to 
move backwards and forwai*ds, othei's darf tlirough 
the water with great mpidity, describing a zig-zag 
course. Tlie ca\ise of this motion remains as yet 
a mystery. It will give an idea of the minute size* 
of these organisms when we state that a specimen 
of more than avemge size measures alx)ut 
part of an inch. In some genera tlie Diatoms are 
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found separate, in others they are joined together, 
o.nd form ribbon-like threads or minute zig-zag 
chains. The Diatom (probably Melosira arctica) 
first observed by Dr. Robert Brown in the dis- 

Fig. 2. 



Fig. 1. 


a b ah 

F ig. 1, Navicula libor ; Fig. 2, Navicultt jEgyptiaca ; a, aide 
view ; b, front view. {Magnified 400 limes.) 

coloured Greenland water had the appearance of 
H iniuuto beaded necklace about part of 

an inch in diametc'r, of which the articulations 
are about or 1| times os long as broad. 
These articulations contain a brownish -green 
irraiiuhir matter, giving the colour to the whole 
])laiit, and again through it to the sea in which 
it is found so abundantly. These necklaces or 
filaments, when congregated in large numbers, 
compose a brown or yellow coloured slime, which 
lias been observed to adliere to the ice in the 
Arctic and Antarctic regions. Quoting again from 
an iutere.sting memoir by Dr. Brown on the dis- 
coloration of the Arctic Seas,”* the author remarks: 
“In June, 1861, whilst the iron-shod bows of the 
steamer I was on boai'd of crashed their way through 
the breaking-up floes of Bartiii’s Bay, I observed 
that the ice thrown up on either side was streaked 
and discolourad brown ; and on examining this 
discolouring matter I found that it wtis almost 
entirely com|>osed of the siliceous moniliform 
Diatom I have descril>ed as forming the discolour- 
ing matter of the iceless jmrts of the Icy Sea^ I 
subsequently made the same observations in Mel- 
ville Bay, and in all otlier portions of Davis Strait 
and Baffin’s Bay where circumstances admitted of 
it. During the long winter the Diatomaceae had 

* “Admiralty Manual of the Natural History of Green- 

land” (1875); also Awt/and, Feb. 27th, 1868, and Peter- 
xnann's GeogmphUche Mitthcilanycn^ 1869, &o. 


accumulated under the ice in such abundance that 
when disturbed by the pioneer j)row of the early 
wluilera they appeai*ed like brown slimy bands in 
the sea, causing them to be mistaken more than 
once for the waving fronds of Lamhmria loiugi- 
crtirisy which is the common tangle of the Arctic 
Sea. On examining the under surface of ' the 
upturned masses of ice, I found tJte suiface honey- 
combed, and in the base of these cavities vast 
accumulations of Diatomacje.” During the cruise 
of the CJiolleifujer in the month of February, 1874, 
along the edge of the Antarctic ])ack-ice, the 
latter, as recoixled by Mr. Henry N. Moseley, t 
was frequently stained of a yellow (K*lireous tint, 
caused by Diatoms w^asheti up on to the ice by the 
waves, and liaiiging on its rough suiTace. Tliis 
colouring was always most marked about the honey- 
combed wash -lines of the ice blocks. 

Another most interesting discovery in connection 
with this subject, is the fact that the contents of 
the aliiiieutary canals of the animals which in s\ich 
immense numbers fi*equent the dark-stained waters 
of the polar seas, and which in their turn are the 
principal support of the huge whale, consist entirely 
of Diatoms. Thus the largest animal in creation, 
the ])ursuit of which gives employment to many 
thousand tons of shipping and tliousands of seauum, 
(h‘pends for its stibsistence on a being so minute 
that it takes thousiinds to be massed together 
before they ai*e visible to the naked eye ! 

It was not till towards the end of the last 
centuiy that the first known forms of Diatoms were 
discovered. The? number of sj>eoies at juesent 
ascertjiiued to exist in the British Islands alone 
amounts to little less than a thousand. Tliey are 
found both in salt water and in fresh water, in small 
sti-eanis and pools, covering the surface of the 
mud with a brownish film, or adhering to the sUnns 
and leaves of aquatic plants, or living on the 
face of moist rocks, in fact, in almost all places 
wliere there is moisture and light, the two conditions 
most essential to their growth. When they die, 
their liard, siliceous covering sinks to the bottom 
of the water in wliich they have lived, and tlnu'c 
forms |)art of tlie sediment In the courae of ages 
this sediment liecomes hardened into solid rock, 
and forms a substance well known in commei’co 
and in the arts under the name of tripoli, a jxiwder 
used for polishing stones and metals. J In this 
manner vast deiK)sits of Diatomacese have been 
discovered m various parts of the world — some the 

t In his valuohle “Notes by a Naturalist on the Challenger^'** 

t “Science for All,” Vol. II., p. 277. 
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deposits of fresh water, others of salt water. Stony 
deposits mainly composed of the siliceous plates of 
Diatoms exist at Bilin in Bohemia, where a single 
stratum extending over a wide area, is no less than 
fourteen feet thick — also at Planitz in Saxony, on 
Isle of France or Mauritius, and at Richmond in 
Virginia. The latter deiK)8it is remarkable for its 
extent as well as for the number and beauty of the 
spfjcies contained in it. It is said to spi'ead ovei* 
many miles, and to be in some places at least forty 
feet deep. Many of those si)ecies, the remains of 
which have thus been preserved during ages untold, 
are identical with species found living in our seas 
and fresh-water lakes of the pi’esent day. The 
illustrious Sir Charles Lyell, with reference to this 
subject, quotes the following line from Byron : 

“ The dust we tread upon was once alive ! ” 

and says : — “ How faint an idea does this exclama- 
tion of the poet convey of the real wonders of 
nature, for here we discover proofs that the cal- 
careous and siliceous dust of winch hills are com- 
]) 08 ed has not only been once alive, but almost every 
particle, albeit invisible to the naked eye, still 
retains the organic structure wliich, at periods of 
time incalculably i^emote, was impressed upon it by 
the powers of life.” 

While the Diaioinacm play, as we have just 
seem, such an impoi'tant part in the total discolom- 
tion of the Polar seas, another microscopic alga — 
Trichodesmifitm — is the cause of similar a 2 )pearances 
in tlie warm seas of the tro])ical and aub-tropical 
regions. This minute vegetable orgHiiism is found 
covering large an^as in the Red Sea, the Arabian 
Gulf, the Indian Ocean, the China Sea, and in the 
seas wliich wash the coasts of Australia, and of the 
American Continent. Its colour has been variously 
described as a bright red, yellowish-brown, or a 
reddish-brown. The red colour has been most 
frequently observed in the Red Sea, and it seems 
highly probable that we have here tlie true ex- 
planation of tlie name given to this sea from the 
remotest antiquity. The small sheaf-shaped bundles 
formed by this alga, when floating separately upon 
and near the surface of the water and lighted up 
by the sun, impart to the sea a sparkling appear- 
ance — as if the latter were impregnated with a 
luminous dust ; hence the name of seorsauxlust 
given to it by Cook’s sailors. 

In Mr. Darwin’s narrative of his voyage round 
the world, in H.M.S. JBmgle, we find the following 
ptw«age : — “ When not far distant from the 
Abrolhoa Islets, my attention was called to a 


reddish brown appearance in the sea. Tlie whole 
surface of the water, as it apiKsared under a weak 
lens, seemed as if covered by chopjied bits of hay 
with their ends jtigged. Their numbers must be 
infinite ; the ship passed through several bands of 
them, one of which was about ten yards wide, and, 
judging from the mud-like colour of the water, at 
least two and a half miles long.”* 

Dunng the cruise of H.M.S. Challenger ^ this alga 
was met with in great abundance in the Arafura 
Sea, between Torres Straits and the Aru Islands. 
But according to Dr. C. Collingwood, who has given 
us an exact description of this interesting or- 
ganism, t the China Sea appijars to be the home of 
TricJwdesmlum. “Having left Singapore beliind,” 
he rej)Oi*ts, “the appearance of sea-dust became an 
everyday occurrence in all its I'emarkable and 
interesting features. Nearly every day, while 
traversing this sea, more or less of it was to lx* 
seen, sometimes a mere sparkling appearance, while 
sometimes, and not unfrequeiitly, the sea was 


4. Pig. ii. 



Pig. 3, Ordinary WedM Forro of Trichodt^jmn’um from tho Cliiuo 
Soa (Natural me) : Pie, 4, the aame, Hhowiug the Wedgo-sliai>f4 
bnudloa slightly iiiagnifte<l ; Fig. 5, Shoaf.shapod Truihodenmiutn, 
from tJi© Indian Ocean ; Pig. 6, Single Oilindrical CellH in nrocesH 
of separation ; a, side view ; b, end view ; Fig. 7. Single Filament 
romi>oBed of cells joined together, highly mai^fled, 

covered with a thick scum of a yellowish-brown 
colour, like that which settles upon a stagnant jiond.” 
When seen by the naked eye, or slightly magnified, 
Trlclwdeamivm presents the apjx^arance of minute 
sheaves, or wedge-shaped bundles of fibres (Figs. 3, 

• “Journal of Researches,” by Charles Darwin, M.A., 
p. 14. 

t “Observations on the Microscopic Alga which causes the 
Disoedoration of the JSea in various parts of the World,*’ by 
Dr. Cuthbert Collingwood, M.A., F.L.S. ; “ Transactiona 
of the Royal Microscopical Society,” V^^l. XVI., 1868. 
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4 , 5 ), hence its name, derived from the Greek, 
which means ** hairy bundles/^ But when examined 
under the microscope, each bundle is schju to be 
com|x>seil of a “ dense moss of cylindrical filaments 



(Fig. 8 ) of unequal lengths, combined together, and 
interlacing with each other, forming an intricate 
network, having the appearance of a complicated 
basket-w'ork, with the ends of the osiers sticking 
rjtraight out as when tlie work is unfinished. Each 
filament is transversely divided by delicate lines, as 
distinct in character as the wall of tlie filament, 
each cell being seen to contain some gi’anules of 
green matter in the interior, principally clustered 
about the centre (Figs. G and 7 ).” 

Besides vegetable organisms, a variety of animals, 
some Tnicrosco[)ic, others of larger size, ai*e knowji 
to l>e a frequent cause of the abnormal colour of 
the sea. Returning to Mr. Darw'in’s intei'estiiig 
narrative, we find the following remarks : — 

“ Oil the coast of Chili, a few leagues north of 
Conception, the Beagle one ilay passed through 
great bands of muddy water, exactly like that of a 
swollen river; and again, a degree south of Val- 
paraiso, when fifty miles from the land, the same 
apiicarance was still more extensive. Some of the 
water jdaced in a gljiss was of a pale reddish tint, 
and, examined under a microscope, was seen to 
swarm with minute animalculte, darting about, and 
often exploding. They are exceedingly minute, 
and quite invisible to the naked eye, only covering 
a s])Hce espial to the square of one thousandth of an 
inch. Tlieir numbers were infinite, for the smallest 
<lrop of water which I could remove contained very 


many. In one day we passed through two sj^mces 
of water thus stained, one of which alone must have 
extended over sevei'a) square miles. What incal- 
culable numbers of these microscopical animals I 
The colour of the water, as seen at some distance, 
was like that of a river which has flowed through 
a red clay district ; but under the shade of the 
vcvssel’s aide it was quite as dark as chocolate. 

“ In the sea round Tierra del Fuego, and at no 
great distance from the laud, I have seen nan’ow 
lines of water of a bright red colour, from the 
number of Crustacea, which somewhat resemble in 
form large ju‘awn 8 . Tlie sealers call them ‘ whale- 
food.^ Wliether whales feed on them I do not 
know ; but tt^nis, cormorants, and immense hertls 
of great unwieldy seals, derive, on some parts of 
the coast, their chief sustenance from these swim- 
ming crabs.’* 

The results of rectmt investigations into the 
causes of the colour of the sea, and of the apparent 
di.scoloration of the sea-water in certain areas of 
the ocean, may bt‘ summed iij) in the following 
words : — The various tints of blue and green which 
constitute what may be called the projier colour of 
sea- water, arc due to a gi’eater or lesser jiroportior 
of salt held in solution, the colour b<*ing an intense 
blue when the wator is very salt, and changing by 
degrees to a green-blue, or blue-green, and green 
colour, as the wat^n* becomes 11101*0 fresh. On the 
other hand, the abnunnally coloured, red, yellow, 
brown, and inky seas owe their appearance to the 
accumulation of large masses of seaweeds, from the 
gigantic Alg«, which fringe the shores of oceanic 
islands, to the microscopic Diatoms ; but almost as 
frequently the discoloration is caused by myriads of 
animal organisms collected in shoals at the suriaoo 
of the ocean. 

A discussion on tlie subject of the colour of the 
sea w^ould l:)e incomplete if we omitted mention of 
a ]>henomenon, jierhaps more striking and more 
beautiful than any other aspect presented to tho 
eye of the wanderer over the trackless ocean — we 
inean the pliosphoresceiice of the sea. WJio among 
the sea-loving inhabitants of these islands tliat has 
not passed, at some time or other, a quiet evening 
liour on the deck of a ship, or yacht, or sailing-boat, 
watching the luminous appearances which suddenly 
flash up from the dark depths of the sea, and, borne 
along by the invisible waves, finally disappear in 
the distance ! At one time, these luminous dis- 
jilays take the shape of short bright flashes, and 
the sea seems dotted over with brilliant scintillating 
sparks. Those are mused by a variety of small animala 
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ohiefly crustaoea. At other times we see large 
globes, filled with a weird, mysterious light, and 
which, phantom-like, rise and fall with the receding 
waves. These are due to the well-known Medusa3, 
or jelly-fish. Often — and this phenomenon seems 
to be confined to tlie seas of the warmer latitudes — 
the waves appear crested with a white luminous 
foam, which in tlie distance melts into one con- 
Unuous sea of light, fairly eclipsing the quiet 
i^lendour of the stany sky. At such times the 
track of the ship looks like a long avenue of 
intense brightness, lighting up the sails and 
rigging. This magnificent display is produced 
by a microscopic animal, known to zoologists 
under the name of Noctihma, Like the Diatoms, 
it abounds in myriads in the surface water of 
the sea, and, like them, its soft living matter is 
encased in a glassy transparent shell. But the 
most dazzling displays of phosphortmcence are due 
to PyroHonia^ a jelly-like cylindrical mass measuring 
from two to ten inches in length, with a diameter 


of from one to two inches, and forming a colony of 
animals. These bodies congregate in immense 
luminous shoals, floating near the sea-surface, and 
sometimes embracing the whole of the visible 
horizon. When fished up from the sea, and 
touched with the fingers, they give out a bright 
bluish light at the point of contact, from whence 
the phospliorescence is seen to spread over the whole 
mass, as the shock or irritation rai)idly passes from 
one animal to the other until the whole colony is 
in a blaze. 

The phosphorescence of the sea is a consjucuous 
and almost j)ermaneiit jdienomenon in the bays 
and seaports of tropical and sub-tropical countries. 
There the shallow waters t<5em with an endless 
variety of small animal organisms, most of which 
arc endowed with the faculty of giving out light. 
Mobile hastening back to his floating home .anchored 
in the offing, the belated maruier watches witli 
wondering eyes the wahsr iis it falls from his oar, a 
liquid mass of silver and gold. 
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I N an earlier part of this work,* when si)ring 
flowers were peeping above the half-thawed soil, 
we examined the anatomy of the Primrose. Since 
then the reader has had abundant opportunities 
of observing hundreds of other wild and cultivated 
flowers ; and woods, and fields, and gardens have 
iloubtless enabled him to confii’m his early lessons 
in plant structure and functions, and to extend 
those he must have vaguely picked uj> for him- 
self in dissecting the blossoms which have come 
in his way. Let us, however, begin where we last 
left ofi*. We have seen liow the flower is made up 
of ceiiain essential organs, called stamens and 
pistils, and that on the action of these organs 
depends tlie formation of tlie seed. But if the 
observer has noted flowers with anything like 
attention, he must have observed ceitain pheno- 
mena connected with the act of flowering itself, 
which are of sufficient interest to deserve some 
discussion before we pix)ceed to watch what follows 
after the flower has faded. 

In the first place, it will be I'emarked that flower- 
mg is an exhaustive process, and that, as a rule, a 
plant flowers luxiiriantly only when the foliage is 
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kept in due subjection. A gardener prunes a 
shrub — and why 1 Simply because a great quantity 
of the nourislung sapt is required to 8upiX)rt the 
flower, aaul as the roots can only take a cei^tain 
amount from the soil, it follows that if this has 
to go to nourish the leaves and bi*auches, the 
flower must staiv(*, and as a result the plant will 
either not flower or produce puny blossoms. Hence, 
the gardener cuts oil’ all superfluous wood, so far as 
he can do so without spoiling the beauty of tlie 
plant, if it be cultivated for ornament, or rcnluce 
the amount of fruit and flower-bearing superficies 
if the production of the latter is the aim of the 
cultivator. A gardener’s common expression is that 
such a plant is “ running all to leaf.” He does not 
require to mention the antithesis of this, for hia 
heai'cr will know well that it would be that it was 
not running to ” flower and the fruit and seed 
which follow. Take the example of maize or 
Indian corn For its successful cultivation an 
average summer temperature of 65” Falir. and a 
mean temperature two degrees higher in July, 
which is the rijiening month, are required. In 

t “ A Fallen Leaf,” “ Science for All.” VoL I., p. 19, and 
**How Plants Feed,” p. 96, 
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southern climates the warm sun develops the 
juice of the corn too mpidly. Accordingly, it runs 
to leaf and stalk, to the neglect of the seed, or, 
as the l)otanist would say, the fruit, whicli con- 
stitutes the part for which the plant is cultivated. 
Then, in the West Indies, it rises as high as 
22 feet, but produces only a few grains at the 
bottom of a spongy “ cob.” In the Southern 
United States the corn g»’ows to an average 
height of 15 feet, but the produce is much less 
than in the Western and Northern States, where 
the stalk is only from 7 to 10 feet higli. Again 
— ^following out exactly the same principle — a 
forester “ girdles ” a tree, in order to make it bear 
fruit more luxuriantly. In other words, he cuts 
out a ring of bark, by which the descending sap, 
fitted for nourishing the tree, is kept above the 
'•‘girdle the I'csult of which is that the branches 
al>ove the “ girdle ” bear flower and fruit 
abundantly, while the shoots l>elow do not blossom 
but send out leafy branchi^. It is for this reason, 
as any amateur fruit-grower with eyes in his head 
and the capability of using them knows, that the 
flowers of most trees and shrvibs wliich, like apples 
and ))ears hear large or fleshy fruits, are produced 
from the side buds resting directly upon the wood 
of the previous year, in which a (|uantity of nutri- 
tive matter is deposited. 8o also, a shoot pro- 
duced from « seed which, if left to itself, would not 
flower for s(‘veral y(nu*s, blossoms the next season 
when grafted on an older trunk from whose accumu- 
lated Rtt)ck of nourishment it draws, just as a youth 
if left to work out his own career is often long 
before he blossoms into prosperity, but if permittcHl 
to draw upon the accumulatc'd wisdom and funds 
of another, 8}jeedily attains his commercial majority. 

The conclusion we draw from these facts is, that 
flowering is im exhaustive proc<«8, i*equiring a large 
amount of noui-ishment. Yet, if the plant is placed 
in too rich a soil, it eitlier rots or runs to leaf with- 
out beai*ing flowera ‘‘ Annuals ” — like mignonette 
— flower within a few weeks of the seed being 
placed in the soil ; hence they are so soon exhausted 
in constitution that they die away in a few weeks 
afU^r blossoming. ‘‘Biennials” — like turnips — "we 
liave seen, do not flower until they have suiwived a 
season, but after tliey have done so, and exliausted 
the store of nourishment accumulatcxi in their roots, 
they die of iiumition. But “perennials” — or plants 
which, like shrubs and trees, last for an indefinite 
period -do not flower until they are some years old, 
and thus are Iietter able to bear the strain on their 
constitution which this raproduct'-ve function 


entails. Even a biennial, no matter how hardy it 
may be before flowering, will perish at the approach 
of the succeeding winter, nor can artificial heat pre^ 
serve it, which sliows that it is not the season but 
the exhaustion of the plant’s constitution which kills 
it. The constitution of plants will, however, change 
in course of time, and, as is the case of the Indian 
Cress {Tro)y<jeolum\ a j>oreuuial plant of warm 
climates, may become an annual when introduced 
into a cooler climate, mid there naturalised. Some 
plants have a predisposition to flower early. For 
instance, the Bengal lioses {Rosa sempeinnvma and 
R. Iiidica) flower before the seed lejives die away. 
Feebleness of constitution also assists premature 
flowering. Hence, plants which have undergone 
a long sea voyage will often flower immediately 
after being landed, and then remain blossomless for 
several seasons following. Taking advantage of 
this peculiarity, gardenei-s, by aiTesting the vigour 
of a plant, secure flowers at a period when other- 
wise they would not. If a tree beans abundantly 
one year, the chances are that the next year’s ewp 
of fruit will he deficient. But if the yield is scanty 
one season, all other things being equal, most likely 
an excessively abundant supply of fruit will prove 
that the plant, by accumulating vigour dming its 
long rest, has been enabled to overcome the feeble- 
ness which excessive reproduction entailed on it. 
Annuals, we have seen, are kilh^d by flowering. 
But the same fatality is exhibited in more gigantic 
plants than those we usually associate with that 
name. The well-known bamboo is actually a grass 
which attains a height of 60 or 70 feet. But after 
flowering and fniiting it jierishes. The sugar- 
planter is so well aware of this tliat he cuts his 
canes l^efora they flower, lost the process should 
exhaust the juice aiid therefore rob him of his 
labour and its profits. Another application of this 
same principle is the power of the gardener to turn 
an annual into a biennial or even into a peren- 
nial by preventing its flowering. The common 
mignonette can be thus converted, and cabbage 
stumps, planted for seed, can, it is said, be made to 
bear heads the second year by destroying the flower- 
buds as they aiise ; and if the process is continued 
from year to year a jdant which is naturally an 
annual can be converted into a kind of perennial. 
Again, the common larkspur has given rise to a 
double-flowered variety which cannot, of course, 
bear seed, the “double flower” being caused by the 
reversion of some of the stamens to petals, and has 
thei’efore been converted from an annual into a 
peremiial. A more notorious example, showing 
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fc}ie exhaustive nature of flowering, is exhibited 
by a plant, \'ei'y familiar, by name at least, to every 
one — the American aloe (Agavp)^ “maguey” or 
'‘century plant,” whicli is said to “flower only 
once in a hundred years,” In reality, this, like most 
j)Oi)ular generalisations, is too arbitmry : it flowei*s 
in our conservatories once in a grmt number of 
years, generally about once iii fifty or sixty. In 
the warm climate of Mexico it produces flowers 
when five or six years old, but tlie process is so 
exhausting that in order to nourish the large mass 
of flowers the juice — which is drunk when fer- 
mented under the forms of “[>ulque” and “mezeal” 
— is used up, and tlic plant perishes after maturing 
its fruit. Another instance is supplied by the 
Tali|)ot Palm (Coryplud)^ which grows to a great 
lieight and produces an abundant crop of nuts. Tlui 
<'flbrt is, however, t(X) much for it, and the tree 
l»eri8hes after the first season. 

The production of flowers by a plant differs also 
from the imxluction of foliage in this respect, that 
tiowering consumes the stored-up products of the 
]>lant without giving anything in return. A leaf 
takes carbonic acid from the air and gives out 
oxygen under sunlight ; a flower, on the contrary, 
gives back the carbonic acid and water to the air. 
Fruiting and seeding are also, as we shall see by- 
and-by, stmins on tlie vegetative^ life of the ])laut, 
but xiot so great as flowering ; and, moreover, the 
plant in these stages of its existence dot^s not waste 
what it gets, but stores the nutrinjent nj) in the 
seed for the use of th<j young plant yet unborn. 
Anothe)’ concomitant of flowering is the ])rodiiction 
of heat over the normal temperature of the plant. 
In tlie order of Arads this is particularly noticeable. 
In the ordinary Cnekoo Plant the temperature is 
often at this season nine degrees above that of the 
rest of the plant. In the Vicloria regiay the great 
water-lily of Soutli America, it is about six degi’ees ; 
and in the flowers of a Brazilian plant of tlie Amd 
order {Philodeifidron\ the tempfjrature has been 
noticed by Dr. Eugene Warming to rise eighteen 
and a half degi'ees while the different organs were 
developing. 

The cause of this increase of tompemture is pro- 
bably due to the fact that at the season of flowering 
theit! is absorbed an increased quantity of oxygen, 
which combining with the carbon consumed as fuel 
in the plant, produces carbonic acid gas, and evolves 
an amount of heat duly pixiportionate to the 
quantity of carbon consumed, or of carbonic acid 
gas produced. 

When northern trees ai*e transplanted to warmer 


countries, they often do not flower, owing to their 
leafing too luxuriantly. It is also noticed that 
tmnsplauted trees generally flower the first year 
after their transplantation, thougli not a second 
time until after a long interval, because during the 
first year tliore has been a cJieck to their giowtli 
owing to their transplantation. However, if the 
ti'ee is not injured or checked in its removal fiom 
one soil to another, the contrary fact is true. 

It may be put down as a botanical axiom that 
“ a period of rest is required after floweiing.” In 
our climate this is alibrded by the autumn and 
winter, when perennial plants form their flower- 
buds for the ensuing year. In tlie tropics, where 
there is often an almost imperceptible diflerenc<^ 
between summer and winter, the dry season sup 
plies to plants a substitute for our dead season. 
In the Canary Islands the ground is from April to 
October baked like a brick, and, with the exception 
of succulent plants, vegetation almost disap])car8. 
This is the plants’ season of repose, just as the 
cold months are in our climate. “ The roots and 
bulbs,” writes a well-known Ixitanist, Dr. Asa 
Gmy, to whom we are indebt^xl for these facts, “lie 
dormant beneath the sun burnt crust, just as they 
do in our frozen soil. When the rainy season sets 
in, and the crust is softened by moisture, they are 
excited into growth under a diminished tempera- 
ture, just as with us by heat ; and tin; ready-formed 
flower-buds are suddenly devel()|x‘d, elotliiiig at 
once the arid waste with a piofusion of blossoms. 
The vegetation of such )*egioiis mainly consists of 
succulent plants, wliieli are abh^ to live tlirougb tlu" 
drought and (‘xposure ; of bulbous plants, which 
run through their (jounse Ixffore the ilronght be- 
comes sevtjre, then lose their foliage, while the bud 
remains quiescent, safely protected under ground, 
until the rainy season returns ; and of annuals, 
which make their whole growth in a few weeks, 
and ripen their seeds, in which the s|)eeies securely 
passes the arid season.” 

Tliat every plant has its own period for flowering 
i.s a fact so familiar to us that we are a[)t to lose 
sight of its inexplicable character. Why should 
the mezereon of our shrubberies flower in February, 
and the black hellebore in December 1 Tlieir 
microscopic structui’e is identical, and to our eyes 
there is nothing in their outward appearance or 
nature whicli would impose an interval of ten 
months between their resi>ective periods for pro- 
ducing blossoms. Again, the Primrose expands its 
flowers in March and April, and the Mmdow 
Saffirou in October, yet we are equally unable to 
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give any other reason for the phonoinenon except 
that such is the natui'o of tlie }>lant.” Incpiiring 
still further into the subject, we see that some 
Bowei-s, like the Whitlow Grass (Draha vfinm), 
flower only for a brief period in spring, while the 
Shepiterd’s Pui-so (anothcsr member of the same 
order) and the furze are covered with blossoms from 
spring to early winter, and even, in the case of the 
furze, throughout the cold months also. It has been 
observed tliat plants which form their flower^buds in 
tlie autumn, and wait for tlie spring sun to expand 
tliem, ai*e usually brief-flowen^d, while those which 
develop and mature their buds the same season aixj 
iiH a rule covered with blossom for a longer j>eriod. 
Heat seems to have a greater influence over flo^ver- 
ing than light, and j)laiit8 of warm climates if re- 
moved to a colder one expand at a later date in the 
latter than in the former. The Almond, for example, 
which in Smyrna blossoms in the early part of 
February, delays doing so in Middle Germany until 
April, and in ChristiariLa until June. It has also 
l>een noticcMi that if a plant is taken from the 
northern hemisphere to Australia, it will for the 
first year flower in winter, the period coiTesponding 
to the summer of its native land, but after a time 
it accommodates itself to the altered state of aflairs. 
Oases have been recorded in which individual plants 
have flowered year after year before the other in- 
dividuals of their s|)ecies, and the gardener, by pro- 
pjigatiug the plants showing such idiosyncrasies, 
lias been able to obtain certain early, or late, 
flowering varieties of cultivated trees or shrubs. 
But, as a rule, plants undisturbed by ** civilisation 
'"-in other words, if left to their own devices — have 
as fixed times — pre-supposing average seasons — for 
bursting into blossom, as those plants which display 
the phenomena called ‘‘ sleep ” have of shutting 
and opening the flowers so developed. It may also 
be afliiTned that eveiy species of plant reqiiii*es a 
fixed mean temperature, or a “ sum of degrees ” of 
heat for flowering, and tliat each degree of latitude 
influences the time of flowering of a particular 
«|>ecies a quarter of a day. Moisting also affects 
flowenng in tliis respect, that wot increases the 
foliage and thereby acts indirectly in moderating 
the flower. A tropical forest — florid popular des- 
criptions notwithstanding — is not nearly so 
luxuriant with flowers as an English meadow — 
heat and damp, the chief physical agents which act 
on it, being when in combination more likely to 
produce sujierabundance of the vegetative rather 
than of the reproductive ” organs. 

Now the facts of which we have supplied but a 


brief outline have obtained a useful application 
from the horticulturist, by his varying the con- 
ditions under which tlie plants in the conservatory 
live, in order to obtain late or early flowers or 
fniit, as the case may lie. 

Foi’cing,^^ as the writer has pointed out in 
another place, ^ is also only an application of these 



Fig. 1.— FertiliMation of the Ovule— Aiithen diaoharging their 
oontente on to ihe Stigma of the Thom Apple (Datura). 

principles, and consists in a skilful alternation of 
the periods of re|) 08 e by subjecting a plant to heat 
in a hot-house at one season, and cold in a frigid- 
arium at another. And here I may remark that 
Arctic plants, unless carefully acclimatised in our 
gardens, are apt during the first summer they are 
subjected to the unwonted warmth of the English 
air, to run luxuriantly to leaf, and die off before 
they are able to get accustomed during a second 
season to the southern atmosphere. The cultivator 
should for the first summer keep them in a cool 
temperature. He can thus alter the constitution of 
* « Manual of Botany** (1874), pp. 294-8. 
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these hyperboreans, just as he can that of others 
by giving them an artificial season of rest by the 
application of cold, and then by the influence of 
heat, light, and moisture, causing them to grow at 
a season when they would have been quiescent. 
Thus, at will, he can retard the periods of flowering 
and of rest, so as in time to completely invert them. 

But flowering — or, in other words, tlie develop- 
ment of certain organs collectively called the flower, 
for the corolla and calyx, though most pi*ominent 
to the eye, are i)erfectly immaterial to the life of 
tlie plant — is only preparatory to another process in 
vegi^table life. Tliis consists in the discharge of the 
pollen grains (Vol. II., p. 218) out of the anthei-s, 



Fig. 2.— Stigma of the l^orn Apple oorered with Pollen Groins. 


to serve a purpose which we shall pi^sently consider. 
The grains being deposited, by vanous agencies, 
on the stigma (Vol. II., p. 219), the ovules after 
a time become seeds, capable of reproducing the 
species, and thus carrying on the life of the plant. 
Numerous curious means are adopted to en8ui*e 
this end. For instance, the great flowei*ed cactus 
has about 600 anthers, 24 divisions of the stigma, 
and 30,000 ovaries, so that in a single flower there 
must be at least 260,000 pollen grains, an amount 
far more than is neoessaiy to fertilise the ovulea 
Tlie wheat plant produces about 50 lbs. weight of 
l>ollen to the acre, and in all of the fir and 
pine family there is also an allowance made for 


accidents, by the production of more ix)llen than 
in ordinary circumstances would be required, When 
the anthers burst 
in one of the vari- 
ous ways which 
we have described, 
the gre-ins fall on 
the stigma (Figs. 

1, 2) and are then 
retained either by 
the natural visco- 
sity of tliat organ, 
or by the loose 
papilla) or hairs 
which frequently 
cover it. The 
grains lie on the 
surflice for a ceitain 
time, but they do 
not burst. They 
absorb the mois- 
ture from the 
stigma, and this 

, Fig. 3.— Pollen Groine emitting Pollen 

swells and pro- {Highhj magnified,) 

trudes the inner 

coat (Vol. II., p. 218) in the foim of one or more 
shut tuljes, through the pores or slits in the oiit(*r 
covtTing (Fig. 3). These tubes, by some sort of 



Fig. 4.->PoUen Tubes entering tbe Condneting Tissue of the Thorn 
Apple, (kijfr ■ 
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inanimate instinct, find their way through the looss 
<< conducting tissue (Vol. II., p. 219) of the style 
until they roach tlie ovules, to which they aw 
charged with a mission (Figs. 4, 5). The i*oader by 
examining Fig. 0 will see that the ovules are each 
covered with three coats consoHdateil bcdow but 
leaving in the middle of them a minute of)Ouing 



Fiv'. 5. -Vertical of th« Stivina und Style of the Thoru 

Apjd«, showintr I'ollou Tubcfs piercing tho Couductiu' Tissue. 

(HiyW.v Maijnijiei,) 

(tlio “microi.vle”) at top. Inside theR<‘ coaU is 
the ‘‘embryo sac,” a bhuhler like organ containing 
fiuid, in wliieh tin* future jduiit makes its appearance 
after the ovule has develt»j>e»i into the seed, and the 
ovary into the fruit. The poll(*n tul>es gi'ow rapidly, 
l)eing protruded .sometimes immediately after tho 
grains fall on the stigma, ])ut in other cases not 
until after the lapse of ten or (?v(;n thirty hours. 
Tho tenuity of tho tube must 1 k^ extrcmie, when — 
for examjilc — in the groat flowered cactus it is 1,150 
tim<»s longer than the diameter of tho jK)llen grain, 
and as in otht'r plants tho stylo is several inches 
long, the |>ollcn tul>e Ciinnot he leas. In the meadow 
saffron, though the length of the tul>e is 9,000 times 
the diameter of the pollen grain, it reaches the 
ovule in ten or twelve hours. 

Now, wliat hapj>ens when this long C7il de Bac of 
the pollen grain anives at the oj^ening in the end 
of tlie ovTile? It must Ije remembered that the 


tube is filled with the fovilla or contents of the 
pollen grain, which have run into it. As far as 
cjiu be made out — and thei’e have been endless 
tbeorie.s on the subject — the end of the jioUen tul^e 
enttTS the ovule, but terminates its travels on tlie 
surface of the embryo sac ; and by the physical 
law of endosmo.sis ” the fovilla passes through 
the delicate mem- ^ 

brones of the tube oft 

and the embiyo sac / g 

into the hitter. At f M 

all events, after the 

tube has I’eached tho \ ^ 

ovule a change be- \ W 

gins in the contents I ’ M 

of the embryo sac. || \' J 

Immetliately below ^ 

tlie place where the f \ 

end of the pollen / \ 

tube has fastened / MKt \ \ 

itself, a bladder-like / \ \ 

cell makes its ap- / \ \ 

pearancei on the in- / \ 

side of the wall of / Jn J im \\\\\ \ 

tlie embryo sac. s ' / \\\ \ \ 

Soon, by tmns verse Mill / l\\\ 

sulxlivisiouaiul bud- 1! I \ \J /I,] I 

ding of one cell to IS / y /’jv / 

another this “ vo- V j|, j 

side” gets elongated \ / 

until it forms a / 

thread, like a sti’ing 

of beads (lig. / ). n Pistil of Buckwheat. 

1 he lowest cell of ovnry nucl ta ulr UIvWImI vertWuHj ; w»nn‘ 

.1 . 1 1* • 1 • l'ol)«’n MrrHln« MU ilu- saKnuit*; » u<' Oiiilii 

tillH col’ll ulVldea in t!i«itncily Hlinwiiiff itK TuIm*, whti'li bft» 

, . )icnr'tiHi( d ih» Stylf, rcftiiM-t^nd In tin* 

all ihrections, until of iio* ov-tj . mt. n •( iin; Myy ..- 

’ of tlu^ Oviik* (0 . and icHclK-d ili*' Knibri d- 

it gl’ttdually assumes vcbicIc (r). 

tlie form shown in 

Figs. 8, 9, 10, 11, which are diagnimmatic illustra- 
tions of a very complicated subject. Thus, we have 
the “embryo,” or young plant, formed, until passing 
through the 8tage.s sketched in Figs. 12, 13, and 14, 
it assumes the shape shown in Fig. 15, in which we 
see it with its young leaves already develojied, but 
incapable of deriving nourishment from tlie earth, 
into which for some time yet tlie growing seed will 
not fall. Hence, around it, or, as happens in some 
]ilantB — among others beans and peas — in tbe 
young cotyledon or seed-leaves, is stored up nourish- 
ment for it, until it can draw this from the soil. 
Meantirne a rapid transformation has been going on 
in the ovule and the sniTounding wall of the ovary. 
The latter, though retaining its fundamental 
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structure; 1ms altered in many re8|)ect8, and become 
the fruit, while the seeds, after fertilisation, have 
in like manner diangod their character somewhat, 



Fitf, 7.— Diagram of the thread-like Sunpoiiaur '* and Forming 
Bnibryo at its extremity ; Pig. 8, the sutne, with the Embryo a 
little more develot>ed; Fig. 9, the same, more dovoloi>od still, 
the Cotyledons faintly indioated at the lower cud ; Fig. 10, the 
same, ndth the Incipient ( 'otyledons more manifest ; Fig. 11, the 
Embryo nearly completed. {Afttr Gray.) 



;ind become the seed. Meantime, the flower has 
faded. The petals and sejials, if they have not 
fallen previously, have now either drop^K^d oflf 

or withered. The 
pollen grains, after 
the |)ollon tul)C8 
have b(ien protru- 
ded and sent down 
through the con- 
ducting tissue of 
the style, have 
shrivelhid up, as 
have the stigma 
iuid stylo after playing their respective parts in 
the functions of the plant. 

In this brief account of a long process we have 
not taken note of any of the exceptions to the 
rule, for it is better to fix our attention on the 
main question, and on the function of the ixillen 


12. 13, 14, Forming Embryo from 
a Haif-gtown Seed of Buckwheat in 
three stages ; Fig. 15, the same witli 
the Cotyledons fully deybloped. (After 
Gray.) 


as it is displayed in the great majority of plants. 
Tliis we have setui to consist in the anthers dis- 
charging the pollen greins on to the stigma, in the 
))olleii tube penetrating the style — when it is 
present — to the ovule, in the discharge, in some 
imexplaiiied manner, of the fovilla into the embryo 
sac, and finally in the apj>earance of the young 
plant, with the simultaneous absorption of the 
pollen tube, and the fading away of the parts con- 
cerned in its pixxluction and functions. 

In the heath tribe there is an exception to this 
rule in so far that the corolla remains behind 
attacheil to the fruit ; and in the “ winter cherry 
{Phymlia Alkekeitgi — one of the potato order), so 
familiar an ornament of dinner-tables, the calyx, 
which is red in colour, suiwives fecundation, and 
forms the bladder-shaped covering usually tfiken for 
the outside of the fruit, which is, in reality, containeil 
within it. It must also be noted that though in or 
iinary flowering plants the essentials of the process 
are the same, it does not invariably happen that 
the pollen falls out of the anthers on to the stigma 
of the same plant. In many plants the stamens 
are on one individual and the pistil on another. 
Hence the pollen must be convoyed to the latter in 
some other way than that which for convenience sake 
we have considered as the normal one. There are, 
moreover, numerous cases in which, even where the 
same plant possesses both stamens and pistils, inge- 
nious contrivances can be shown to exist in order to 
prevent the i>ollen falling on the stigma within a 
few lines of it, and to ensure it being earned, by 
means of insects, birds, the wind, and other agencies, 
to some other individual of the same species. But 
these strange and extremely interesting relations of 
plants to each other and to the animal and even 
inanimate world, form a subject so wide that it had 
better be left to another occasion. 


WHY THE CLOUDS FLOAT, AND WHAT THE CLOUDS SAY. 

By Kobeht James Mann, M.D., F.R.C.S., F.R.A.8., 

Ex President of the Meteorological Society. 


W HEN water is evaporated into the air under 
the influence of heat,* the vapour so msed is 
scattered invisibly amidst the air particles. Both 
the air particles and the molecules of the water 
are, however, so minute, and so widely severed in 
* See “Science for All,” VoL II., p. 231. 


this state, that the vibrations of light pass almost 
as freely and as unimpeded amongst them as they do 
through empty space. The mixed vapour and air 
are virtually transparent — that is to say, they allow 
objects of various kinds to “ appear through ” or 
from beyond them in their proper conditions of 
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colour and form^ instead of becoming visible them- trated in the fact that steam is quite imperoeptible 
selves. It was essential that this should be the case by the eye so long as it is in its actually vaporous 
if the surrounding objects of matoiial Nature were state. If the eye could penetrate into the interior 



Fifr. 1 .— Ths Fall of ths Stavbback, im thb Swiss Vallkt or LAVTXBBBurinBM. 


to be freely visible to the eyes of animals living in 
the midst of circumambient air.^ 

‘This absolute invisibility and transparency of 
aqueous vapour, even under the circumstance of 
very considerable abundance, is instructively illus- 
♦ Soienoe for AU,” Vol. 11., p. m 


of the boiler of a steam-engine when the part above 
the water is filled with a pressure of steam almost 
strong enough to burst asunder the cohesive tena* 
city of the iron plate, it would be found that such 
steam was as absolutely invisible as the fine 
breath of vapour which rises from the earth in 
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bright noontide sunshine. The steam which issues 
from the spout of a kettle of boiling water presents 
no visible trace to the eye until it has been thix)wn 
some distance away into the outer freedom of the 
air. It only becomes visible as white mist when it 
has ceased, at that distance, to b(‘. actual steam. 

The change which takes place when invisibh} 
vajx)ur is transformed into visible mist is a very 
decided one. It is not merely that there is an 
increase in the quantity of the aqueous particles 
that are piosent in the air, fur, as a matter of fact, 
theri^ is a larger abundance of vapour in the clear 
air of a summer noontide than there is in tluj thiitk 
air of a winter sunset. The change wliich is 
brought about is an actual transformation of 
mattnnal shite. It is a convei-sion of air-like va|X)ur 
into water. The visibh^ particles of mist are 
clusterings of molecules of water into groups of 
considerable, and therefore of visible, dimensions. In 
the whikj mist the molecules of the water are not 
(evenly and widely scattered. They are so grouped 
that there arc larger spaces bc^t ween th(j clustering 
particles than there are between the Jiiolccuh's of 
th('. vapour, and many molecules comu'ch'd together 
in those cl u sailings. It is this gfitheri ng (ogetlau* 
of the molecules in isolated groups, with compam- 
tively blank intervals between, wbicli is comprised 
in the process familiarly spoken of as “condensa- 
tion.’' A similar state is produced to that which 
is found when liquid water is imjchanicully broken 
up into spray. It is then in the condition which 
has been, not inaptly, spoktm of as “ water-dust.” 
Thus ill the long Fall of the Staubbach,^'^ which 
]>lunges headlong from the tup of a rocky wall in 
the Lauterbrunneu Valley in Switzerland (Fig. 1), 
ill a clear leaj) of mwirly one thousand tht^ 

partich,*H of the wat<u* g<^t so scvcaxal from each 
otluir by the resistance} of tlui air which they have 
to pass through that before they reach the grouial 
they j)r(iHent tliemselves only as “ wattsr-dusi,” or 
drifting mist. Mist is thus a sort of iuter- 
nuHliatc} state lying midway betwocni watc^r and 
vapour. It appears alike when water is scattered 
into spray and when vapour is condensing into 
water. 

Ilie clustering of water molecules into granular 
si>ecks is easily seen in mist by the help of a 
magnifying-glass. Small opaque bodies, which must 
contain a very considerable gathering of water 
molecules in each, are then discerned. These bodies 
have manifestly a rounded or globular form, such 
as they would wear if they were minute drops. 

* From Staah^ du«t ; aiid Bach, a brook or rivulet. 
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The Swiss philosopher, De Saussuro, who gave con- 
siderable attention to their examination, has shown 
tliat they are commonly nearly a hundredth jiart of 
an inch across, and that occasionally they are very 
much larger. They are quite twice as large in cold 
damp days as they are in warm ones. Mr. W. D. 
Ck)oley states that he once saw mist globules 
floating in the air upon Mount Leinster, in Ireland, 
which were half the size of hempseCKl. 'Fhe dis- 
tinguished astronomer, Halley, who was a con- 
temporaiy of Sir Isaac Newton, first conceived the 
idea, whhdi has since mot with somewhat large 
acceiitance, that these mist specks are of the charac- 
ter of little hollow vesicles, or bladders, in which 
the outer films only are water, the inU^rior .space 
being lilhid with air. This conception of Halley 
was in some measure strengthened by the researches 
of Di} Saiissure, who ascertained that the visible 
particles which risti from the surface of warm water 
during the process of evaporation have quite a 
difierent aspect to those which fall from the air 
during rapid condensation of moisture. 11(5 satisfied 
himself that the rising siK‘cks wens hollow si)h(5res, 
or bladders, and that the falling ones W(5re liquid 
dro})8. The actual state in which the wat(5r particles 
are arrangt5d in mist is still questioned by competent 
authorities ; but so far as research has yet gone, 
the notion that mist-Hj>ccks may be hollow films of 
water encasing internal nuclei of air seems to 
po.ssesH a fair degree of probability. 

Tlie fabrication of visible mist from the conden- 
sation of invisible vapour is familiarly illustratcnl 
every day in the pulhiig esca[)e of the waste steam 
from tli(5 funnel of the locomotive as it runs panting 
along the rail. This white rolling mist which is 
h*ft ill a thick trail behind the funnel of a locomo- 
iiv(5 engine is, in all essential jiarticulaivs, cloud. 
Its close kinship to the hea]» cloud whiidi floats 
above it in tla^ biglier region of the air is inunif(\st 
at a glance. The st(5am-pufl* is miniaturi} cloud 
wreath aitificially formed. It is visible to the i^ye 
on mfcount of its csoarse-giained textuns. It is not 
freely jiermeable to light, because the clustering 
spherules, or vesicles, arrest the luminous vibrations 
which fall upon them, and send these back to the 
ey(5, and bccausi} these light-reflecting spherules are 
distributed in a dc(5p bed, in which the mor<5 remote 
individuals present themselves though the clear 
spaces that lie b(}twecn the nearer ones. The cloud 
is white or grey, accordingly as its spherules n^fiect, 
or absorb and hold, more or lessxif the incident 
light. It is dark when it holds back the chief part 
of the luminous vibmtions which fall upon it, and 
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it is wliite, like snow, wlion it fnn^ly reflects the 
whol(}. 

The fundiuneutiil and primary form in which 
natural cloud appeiars is the very heaiitiful and 
distinct oiu? which is seen on most ortlinarily tine 
days sailing grandly across ilie blue sky, and which 
is designated the limp-cloudy Mmmt-cloudy or 
Cutnolutiy* because it assumes the aspect and shape 
of roundtjd masses piled up in heaps (Fig. il). 

Luke Howard, the inetiiorologist who first 
atUMupted a scientific classification of the clouds, 
and who printt^d an admirable troeatise on the 
subject in 1803,t ter.si'ly and accuiiitely define<l 


this primary form as “ Nubes cumidata, densa sur- 
suin crescens ” — a dense, heaj)ed-up cloud, increas- 
ing above. The rolled heap'cloud, indeed, may 
not inap])rof>riately be regard<;d as Nature’s steam 
wrcttth, fornuKl wlien warm vapour-laden air is 
pufted up into the colder and rarer regions of the 
atmosphere that li(^ a few hundred f(‘ct above the 
earth. In the case of th(^ cloud tlm warm moisture- 
laden air is not shot out from the inside of a 
fumace^lieated boiler, but it is shot uj) from the 
suHace of the sun.shine-heated ground. Wlien the 
sunshine falls upon the heat-absor>)ing soil, the air 
which rests in immediate contact with it gets 
warmed by the toucli, and expands as it is wanned, 
drinking u]) at the same time whatcvi^r moisture is 
rising up into it from tlie earth in the condition of 

* From Cumiifmy a heap. 

1 “An KMay on the Modification of Clouds,” by Luko 
Howui'd, F.R.8. (180;J). 


vapour. The expoiidod air is then driven directly 
np from the ground by the pressure of the inflow- 
ing, hea\’iei*, and colder atmosphere from around 
aiul al)ove, and as it rises, balloon-like, under the 
influence of this pressure, it carries with it the 
luiueous load which is entangled amidst its particles. 
As it mounts up, however, in the atmosphere, it is 
fii*st expanded still more on account of the diminish- 
ing air weight above, ji.s it escapes gradually from 
the suiM^rincumlKint load, and is immediately after 
chilled, in j>art as a consequence of its own expan- 
.sion, and in part l>ecaus(5 of the lower temjierature 
of the high r(\gion which it has reached. Under 
this double influences the air ex- 
pansion and the chill, the invisible 
va)>our gathei*s itself into mist 
spherules, and apjicars as visible 
cloud. Pi’ofessor Tyndall ha])pily 
8j)eaks of th(^ rolling mosses of tlie 
lH^a}>-clo\id as being the “ capitals ” 
of uiid(u*]ying columns of warm 
air. Wherever the* air is luMited 
by resting upon tlio warm ground 
it is forthwith fashioned into an 
a.scending, altlioeigh unseen, air- 
column, which crowns itself with 
a caj»ital of wreatliing cloud as 
soon as it lias got Ingh enough to 
chill the entangled watcir molecules 
into clustcTjng spheimles of con- 
densing liquid. 

Rut in order to accomjdish a 
complete comprehension of this 
pro<;ess of cloud manufacture it 
must 1 m 3 undei-Htooil that tliese mist cajutals of the 
warm air-columns arts cut off from the pillars, and 
wafted away as s(x>n as tlusy have been formed. 
The heaf)-clouds invariably ani stsen to drift along 
in the sky. The fact simply is that as soon as the 
ascending columns of warm air reach the cool 
upper regions, where ti-ansverse currents, instead 
of ascending ones, pnwail, the rolling mist wreaths 
which are precipitated from tlie air are carried 
away by the wind. Tlie so-called floating of the 
clouds is simply a matter of drift. Water is 815 
times as heavy again as air, consequently it must 
fall wlien deposited in air, as, indeed, it is actually 
seen to do in the cose of niin-drops. If clouds, 
therefore, arc conijxiscd of liquid water gathered 
out of the vapour, they should fall and not float. 
Somcj ingenuity has been expended by scientific 
men in the atteiiqit to mjcount for this apparent 
anomaly. No large effort of intelligence, however, 



Fig. 2.— Th« Heap.cloiKl, or CumuluK. 
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is really required to enable this to be done satis- 
factorily. A glance of the eye on the white mist 
heaps in the sky is enough to furnish the full 
solution of the mystery. Clouds never rest still in 
air; they are at all times in motion; they are always 
in tlie act of being blown along by the wind. 
When rainnlrops fall at the time that a strong 
wind is blowing, even they ai'e observed to be 
earned a considerable distance along; and if the 
rain-drops wei’e lighter than they are they would 
Ije can-ied still farther by this wind befoi*e they 
finally reached the ground. If, for instance, they 
were hollow, air-filled balls, like balloons, instead of 
being compact drops of liipiid, they would assuredly 
drift upon the wind long distances, and this, it 
will be rt*membered, is precisely what cloud 
spherules are. They arc hollow balls, constitut(jd 
of th(' light(^st and thinnest couceivalde films, and 
thcr(dc)re |K)ssessing very largti sui’fjiccs in propor- 
tion t<i tlndr weight. Tlicy are just in the condition 
which fits them to be seized and hurried along by 
tin* drifting air cuiTents. When clouds exist in 
really still air, their spherules do fall. It has beem 
asc<*rtain(jd that aqueous mist, by falling through 
some thi*oe thousand feet of air, can acquii'e a down- 
ward vtdocity of sometliing like fifty inches ])or 
s<*cond. It would indeed fall w’ith the headlong 
inqx^tuosity of a leaden bullet or a stone, but for 
the resistance which it encounters in making its 
way dowji amongst the air jiarticles. When, there- 
fore, th(j air is itself moving, instead of being at r<*st, 
this resistance to its (h'seemt becomes an actual 
Cixrrying j>ow(t. In all probability, (dtH?tru^al fonu; 
at times has sometliing to do with the suspension 
of cloud. But there can be no doubt that, in the 
main, the n^sult is mei*ely the elfect of a nie<dmnical 
inliuencH^ — that it is a case of drift rather than of 
buoyancy. The notable instances in which clouds 
appear to be still are all simply illusions. In such 
cases the cloud is ui the proc(?ss of being dissolved 
away at one edge as fast as it is deposit'd at the 
opposite one, and so it is the visible form only, and 
not the substance, which is still. The table-cdoth 
which frequently covers the top of Table 
Mountain, at the Cape of Good Hope, is a cloud 
of this character. The moist air fi-om the south- 
east is blown from the warm sea up the slopes of 
the moiintain, until it is high enough to deposit its 
vapour as white mist, and it then jiasses ovtjr 
the flat summit of the mountain, and falls on the 
opposite side, until it gets hack mto the lower and 
warmer region, where the white mist is again dis- 
solved into transparent vapour. In mountainous 


countries it often happens that all the summits of 
the lofty mountains are cloud-cajq^ed, whilst tlui 
intervening spaces of the atmosphere are cleai*. 
The same explanation applies to this. The cloud is 
deposited where the air is chilled by the closer 
neighbourhood of the snow-covered summits, but is 
dissolved as soon as it is drifted aw^ay clear of the 
mountain into the wanner streUdios of air. The 
white cloud-caps are thus not stationary clouds 
but fresh clouds continually fornu'd, and as con- 
tinually dis8i|)ated as they move from the place 
wliere each white cap is seeiL 

The heap-cloud, or cumulus, is pi-operly a day 
cloud. It begins to appear in tlic early morning, 
as the ground gets warmed enough by the sunshine 
to establish ascending currents of air. It rises into 
liigher regions of tlui atmosphere and assumes its 
largest dimensions soon after noon, and it then 
sinks and dwindles away towards evening. It 
belongs also properly to the mid-region of the air, 
aseemling to a somewliat higluir elevation at mid- 
day, and sinking to a lower one in the evening. 
It is also a cloud of laml districts ratluu* than of 
the sim, as heateil ground is required to establish 
the u])cast of the am currents. But when it has 
once been formed over the land it is capable of 
being drifted away long distances over the sea, as 
it invariably is in the great currents of tlie traihi 
winds w'hich prt'vail in the intertropical rt^gions of 
the ocean. When these cumulus cloiuls obscTve 
their normal rule of growing in size and I’ising in 
iieight at midday, and of diminishing in size and 
sinking in tlie evening, tluw ai-(^ invariably imlica,- 
tions of sotthal w'catlier ; ]>ut when, on the otluM* 
hand, they grow in size and in density as they 
subside, in tlie evening, they indicate inei*easiiig 
moisture and gn.‘,ater chill in the lower regions of 
the atmosiduux*, and may be regardtxl as certain 
hurbiiigej’s of apjmoachi ng rain. 

In settled fine weather, when there is not 
moisture enough in the asctuiding eurrents of the 
air to form heap-clouds in t]u‘ mid- region of the 
atmosphere, faint streaks of white cloud appeal* 
flecking the blu(? sky-eaiiojiy, far above the i*egion 
where the heap-clouds should sail. A few ilelicate 
thnnuls are first pcuicilled out on the azure back- 
ground, and these then grow' by tluj addition to 
them and interlacing with them of new strands. 
The streaks sometimes assume the form of feathei*8, 
or of tufts like flowing horse-tails ; sometimes they 
an^ parallel to each other, and sometimes they ci’oss 
ami interlace like the meshes of a net ; sometimes 
they diverge like the fingers of a hand, and very 
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frequently they are curled up like locks of hair. In 
all these iliversities of fonn, however, they are of a 
thill filiiiy nature, and in all they present thein- 
selves only at v<Ty high elevations, lieiug coinniouly 
lis much ivs five or six miles aliove the gi’ound. 


"riu'se filmy streaks of very (‘levateil regions 

nr(’ all classed as the ('arl-chntdj or Cirrt(s * (Fig. 3). 

white streaks in tliese clouds seem to In* 
formed hy ])articles of snow or ice rather tlian l»y 
vesicles <»f water. On account of th<‘ dryness of the 
air, no d»‘posit of visible mist occurs excepting at an 
ele\atio]j in the atmosphere tliat is cold enough to 
dejKisit ice instead of water, which then arranges 
itself in the state of s|)icnles. or n(u»dles, of the 
most exquisite delicacy and fineness. I'liis cloud is 
thus icf'-fftist rather than water -dust. During 
steady high winds the cirrus streaks not uncom- 
monly run quite acioss the sky, arranging thene 
selves as they do so in tlu3 direction of the wind. 
Very ofttui they are ImuiI up at the end which is 
forward in the diift, as if they wore tliere lifted 
into bellying sails to catch the wind. This delicate 
cirrus, or fro.st - cloud, is formeil far above the 
summits of the highest mountains. The well-known 
(hjrman meteorologist, Kaciintz, states that during 
a residence of eleven weeks near the Fiiisteraarliom, 
tlie high(;st mountain of the Berncise Oberland, he 
never once saw the ciiTus-cloud as low as the summit 
of the mountain, which is 14,026 feet above the 
* From Cirvui, a curl. 


level of the sea. The travellers who climb such 
mountains, on the other hand, see the heap-clouds 
floating in the valleys far beneath their feet, and it 
is a not uncommon event for such travellers to have 
the cumulus-clouds l^elow them in the morning, 
al>ove them one or two hours after 
noon, and around them in the in- 
t(3rmediate hours which lie between 
the eai'ly afternoon and evening. 

When, in consequence of a sud- 
den increase of moisture from the 
di'ifting in of a va[>our-laden wind, 
the streaks of the curl -cloud in the 
ujiper region of the air become more 
ahundant, tliey at length get woven 
out into a continuous stratum, or 
IhhI, and at the same time settle 
down to a lower levied on account 
of their augnuuited density. The 
cloud, how(}ver, then receives a m^w 
name amongst meteorologists. It is 
tei*med the Thrmflrdoud^ or Ctrro- 
atralu^ (Fig. 4). It is pro)H?rly the 
streak-cloud, or CiiTus, passing into 
fhe state of Slmt'cloudy or 
The striniks are woven out into a 
thin layer or misty web, which is 
thinned gradually away towards 
ilie edges all lound, and therefore assumes the 
aiipearance of a long, nanow hand with iwinted 
extremiti(>8 wh(‘u si^eii in profile, low down towanls 
the horizon. 

It is from this ])ecnliarity that it has reoeiv^ed 
the familuir desigimtion of thnuwbcloud. In its 



Fig. 4.— BandR of Cirro-8trat.uR, or Hireod-cloud, po^Bing into tlio 
Btato of Stmtifiod Bedn. 

compleU^d form it is a cloud of considerable lateral 
extent and of small jKjrpendicular depth ; the fibres 
and streaks of the cirrus, in its fabrication, settle 
down into a horizontal jKisition, approach each 
other, and finally interweave, or fuse themselves 
t From SiraUi9y itrewod, or scattered, as it wore, into a bed. 



Fl^'. :i. -i’nmitivt: Foruus of <’ur)*doiul, (*r Cirrus, constituted in the Itiglier regions 
of the Atmosphere. 


WHY THE CLOUDS FLOAT, AND WHAT THE CLOUDS SAY. 


37 


into a continuous layer. The streaks not inioom- 
monly assume the grained appearance of |>oli8hed 
wood. The beds are almost always thick in the 
middle and thinned out towaixls the edges. In the 
distance the pointed cloud-masses occasionally look 
like shoals of fish. The mackerelback sky is also 
caused by a variety of this kind of cloud. The 
ciiTO'Stratus, when abundantly developed and jier- 
sisUmtly maintained, almost certtdnly indicates the 
api)roiu;h of wind and rain. 

In all ])robability the cirro-stratus cloud still 
retains in some degi*ee its frozen condition. It still 
lias the sharp lines appropriate to the ice-dust of 
which it is composed. 

But the ice is gradually approximating to the 
state of water witli tlici thickening and descent of 
tlie cloud. When this gets low enough the frozen 
spicules are quite melted into water, and the strati- 
fi(?ation of the cloud is then broken up into separate 
inottlings, scattered like flocks of carded wool uixni 
the sky. This is the form which is distinguished 
as the Cnrdhd-cloud y or (^irro-cumidus (Fig. 5). 

It is the sheet-cloud, oi* cirro-stratus, in the 


process of biung re-modelled into miniature cumuli, 
and is regarded as a kind of int.eriningling of cirrus 
and cumulus, as its compound technical name 
indicates. Tlie cirro-cumulus was well descrilasl 
by Luke Howard as consisting of small, dense, 
roundish cloud-masses, grouped like a flock of sheep.*’ 
It is the cloud of the mottled sky which occurs so 
frequently in summer, and which is also occasionally 


seen in the intervals between showera in winter 
time. It is constantly formed from the subsidence 
of cirro-stratus into the lower and wanner regions 
of the air, and when this is the process of its 
formation the flocculi of the cloud ai'e slowly and 



Pi^?. G.— Ciimulo-Btratus Cloud. 


gradually dissolved away. It not uncommonly 
appears at the same time with the cirro stratus, and 
alternates with it, the om^ or the other form 
pixidomiiuiting accordingly as there is incr(?asing 
deposit or loosening and dissolving away of the 
cloud - mass. As a geiu'ml rule, 
the true curdled - cloud indicates 
increasing warmth, diminishing 
moisture, and a tendency towards 
fiiio 'weather. 

The streak-cloud, howtiver, is not 
the only cloud which is prone to 
gather into continuous masses. The 
heap-cloud, in very moist states of 
the atmosphere, does the same 
thing; but the accumulation is then 
deep as well as broad. The cloud- 
mass is piled ujj higluii* and higlier, 
and the rolling heaps are connectetl 
together by honzontal beds. The 
cloud is then looked upon as being 
a combination of the heap-cloud 
Avith the streak -cloud, and is on that 
account teclinically distinguished as 
rtmtf do strains (Fig. G). 

Th(^ rolled form of the cumulus 
can generally be traced for a long 
time in tlie thickening and growing mass. In 
the first instance it towers up in pi*ojecting 
Bumiiiits abovci tlie stratified liase, but subsequently 
the rolled protiiliemnces overflow at the sides, and 
liang down from the flat lied, until at last the 
whole sky gets to 1 k^ filled with one dense and 
imdistinguisbable mass. But when this dense 
mass floats away towards the distant honzoii it is 



Piar. 5.— Curdied cloud, or Cinro eumulu^, formed by tlio diHsolViU^ away of 
Stratitled Cloud- bedu iutu scuaititu Flocks. 



38 


SCIENCE FOR ALL. 


finally seen there as a flat diift overlapi)ed by 
rolling summita which at times very closely simu- 
late the aspect of snow mountains. 


Tho immc^diate tendency and the final destiny of 
the cumulo-stratuK cloud is obvious at a glance. It 
is the parent of Thf Nhnhmy* or 
Rain-chml (Fig. 7), which was 
also classed by Luke Howard as 
cunmlo’Cirro stratiUy because it was 
regarded by him as a confused 
intermingling of heap-cloud, streak- 
cloud, and sheet-cloud— a congeries 
of clouds pouring forth rain. 

In tho formation of the raiii cloud 
the lower clouds spi*eiul out in all 
directions until they uiiiU*. into oik^ 
uniform and compact homogeneons 
mass, from which the gatlieriiig 
rain drops fall. The distinctive cha- 
racteristic of the raiii-cloud is the 
thick, im|)euotrable confusion of its 
homogeneous mass, and tlie streaky, 
undefined shailing away of its outer 
eflges. 

In liis original sketch of the 
classification of clouds, Luke Howard recognised 
three primary forms, and considered that all other 
kinds were secondary productions compoundexl from 
these. The types which he adopted as the primary 
ones were the streak-cloud, the heapcloud, and Uie 
• From NimbuBf a dark rain-cloud. 


sheet-cloud (cinois, cumulus, and stratus). The 
streak-clouds he held to be the clouds of the higher 
regions of the atmosphei^e ; the heap-clouds those 
of the mid-regions ; and the sheet- 
cloud, in his acceptation, was the 
creeping mist which rests upon the 
water or upon the ground, and 
which is now more accurately dis- 
tinguished as Ground Fog (Fig. 8). 

The stratus was, with him, the 
cloud of the night, as contrasted 
with the cloud of the day. He 
described it as apiiearing about 
sunset, often continuing through 
the night, and as vanishing with 
the return of the sun, and either 
evaporating and di8a})jH?aring upon 
the breeze, or ascending into the 
higher region to feed tlie heap- 
cloud. Howard, nevertheless, al- 
though he mainly restricted the 
term stratus to what is now 
distinguished us fog, n^cogiiised 
some similar constituent os l>eing 
present in the compound clouds 

at all elevations. 

There is one hitherto unnamed, yet i*emarkably 


distinct and interesting form of cloud which has 
been brought to the notice of meteorologists 
by Mr. Clement Ley.t It is a very high cloud, 
rarely appea,ring so near to the ground as 1 4,000 feet, 

t Beo Modern Meteorology,** a neiioi of leoturei delivered 
under the autpioee of the Meteorological Booiety (1879). 



Fig 7.— 77m NimhUB, or Bain-cloud. 



Fig. S — Qrouud Fog, the 8trAtu0*oloud of Luke Howard. 
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and IB essentially a continuous layer of sheet-cloud, 
with numerous turret-like protuberances rising up 
out of the horizontal bed (Fig. 9). 

This cloud is of an exceedingly beautiful form, 
and is not unfrequently mistaken for a modification 
of cirro-cumulus. It has, however, nothing of 
cirrus about it, and should rather be classed with 
cumulo-stratus, to which it is more naturally allied. 
It is most generally seen during the pi’evalence of 
very hot weather, and is essentially connected with 
great electrical disturbance in the higher regions of 


the atmosphere. It is the constant precursor and 
herald of violent thunderstorms. 

A somewhat practical modification of the now 
classical cloud sy.stem of Luke Howard has been 
suggested by Professor Poey, of Havanna, in 
Cuba. He proposes that the great sheet-cloud of 
mid-region, formed by the agglomemtion in its^df 
of cirrus, cumuius, and stratus, should be called the 
Pallmm,* or clottd-cloak. In its most complete form 
this pallium-cloud spreads as a grey or ash-coloured 
veil over the whole face of the heavens, with rain 
precipitating from it for hours at a time. But 
there are two quite distinct states in which it pre- 
sents itself. The first of these, which is the proper 
representative of the cirro-stratus, and which is 
constructed out of the cirrus and stratus in the 
higher region, Professor Poey terms the Pallio- 
cirruBi or sheetrcloud* In the second variety the 
cloak is formed l>elow instead of above, and is 
* From PaUiunit a cloak. 


constituted by the densely-gathering vapours in that 
lower region of the air. This properly is the rain- 
cloud, or nimbus, of^^uke Howard^s system. But 
Pi*ofessor Poey desigpiateB it the Pallio-cwniulua, 
He considers that the high imllio-cirrus is a frost- 
cloud, and the low pallio-cumulits a watei-cloud. 
But the two constantly co-exist as separate beds, 
and then have an interval of clear air resting be- 
tween. The upper {mllio-cirrus is first formed on the 
approach of rain, and is of longer continuance. 
When fine weather passes into wet, the upper sky- 
mantle first collects and settles down, 
and tlien the lower mist-mantle be- 
gins tf) apj)ear. As fine weather 
returns, the lower mantle first thins 
away and breaks up, and the liigher 
liallio-ciiTus is then seen througli 
the chinks, floating as an unbroken 
stratum above. Professor Poey also 
recognises another form of cloud 
which was not distinguished by 
Luke Howard, although it is well 
marked and of constant occurrence. 
It is what he terms the Fracto"\- 
cMvmlm^ or vnnd doKd, It is really, 
however, only the disii it (^grated and 
torn fragments of the denser clouds 
drifting away upon the wind when 
the pallio-cuinuluH is broken up. It 
is at once distinguished from the 
heap-cloud by its torn and tattered 
look. It is slinMls I’ather than heap.s 
of cloud, hinried along out of the dis- 
solving wreck by the wind. Professor Pew^y’s cloud 
system thus consists of — (1) the high snow and ice- 
clouds ; (2) the low vesicular, or water-clouds ; (3) 
the cloud-mantle, which is fed both by the high ice- 
clouds and by the low water-clouds ; and (4) the 
wind-clouds, torn out of the dissolving cloud- 
mantle. 

It thus apjiears, upon a geneml review and sum- 
mary of these recognised modifications of clouds, 
that — 

The cirrus is the cloud-streak, formed in the 
highest regions of the air by tlie chill touch of 
frost. 

Tlie cirro-stratus is the cloud-web, woven when 
these frost-streaks are multiplied as they descend 
into regions of more copious moisture. 

The cirro-cumulus is the frost-cloud, stippled and 
rounded away when the ice-dust is melted into 
vesicular va^xiur. 

t From broken-fragmentary or wind-broken oloud. 



Fig. 9.~>The Cumulo-Btratos Cloud of Mr. Clement Ley, 
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The cumuluH id rolling wreaths of vesicular 
vapour thrown down out of ascending upcasts of 
warm, moist air, when these ixjach the influences of 
combined rarefaction and chill. 

The pallio-cirnis is the high ice- cloud, thickened 
into a broad mantle by increasing moistui'e. 

The pallio-cumulus and cumulo>stratus are the 
low min-clouds, overflowing with precipitating mois- 
ture and dripping with showei’s. 

The fiacto cumuli are the wind-torn fragments of 
disintegrating rain-cloud. 

When the rain-cloud has become overcharged 
with its condensing va|X)urs, the aqueous vesicles of 
the gathering mist flint grow largo and heavy, and 
then several of them coalesce and form a liquid 
drop, which, when it has reached the size of about 
one-eightieth part of an inch in diameter, begins 
forthwith to d<?scend through the air by the mere 
influence of its weight If this luin-drop starts from 
a comparatively high, and therefore chill, region of 
the atmosphere, it grows in size as it reaches tlu? 
warmer and yet moister regions l>elow, by con- 
densing more moisture upon itself, until it has 
attained considerable dimensions. Rain-droi>s a 


quarter of an inch in diameter have been seen. A 
rain-drop of this size may acquire a velocity of 
thirty-four feet per second in falling, but not more, 
because the resistande of the air prevents increase of 
speed beyond that amount. A rain-drop the twenty- 
fifth part of an inch in diameter cannot acquire a 
greater velocity in falling than thirteen feet in the 
second ; and a drop the seventy-fifth part of an inch 
in diameter cannot acquire a s|)eed of more than eight 
feet per second. A water-drop the thousandth jiart 
of an inch in diameter would have two inches per 
second for its greatest velocity. When, however, a 
rain-drop passes through a stretch of comparatively 
dry air below, it evaporates and diminishes in size, 
instead of increasing, as it descenda As a matter 
of fact, it not unfroquently happens that actually 
falling rain does not reach the earth, but is entiroly 
dissolved and again taken up by the air before it 
gets there. Indeed, it is no uncommon thing to 
see rain-clouds in flat countries, in the spring, 
louring out their grey bands of rain near the 
horizon, with a nigged fringe of attenimtcid ends 
hanging down from them below towards the ground, 
but not reaching it. 


HAIRS AND SCALES. 

By John H. Mautin, 

Auihor of **Kanual of MicroKopical Hounttn^-" 


P HYSIOLOGICALLY sjKiaking, hairs mn but 
scales rendered longer, by th<? necessity of the 
animal requiring them — fi'om the hide of the 
rhinoceros to the filmy scale of the herring, 
from the mane of the lion to the silky hair of the 
Cashmere goat. Nature fulfils her puqxwe — haim, 
honis, hoofs, nails, and scales, are composed of 
the siime chemical substance, though in 
r^rd to theii* structural character they vary 
much. 

Hairs are developed from the interior of follicles 
(glands) which are contained in the skin of nearly 
all the Mammalia. Haire when secreted from 
these glands consist of modified epidermic structure 
— that is, partaking of the same tissues as the skin 
itself. The meaning is more thoroughly explained 
in Fig. 1. 

The skin of animals is composed of three prin- 
cipal parts. The outer, which is cellular in structure, 
is called the “cuticle; ” the next, which ie of fibrous 


tissue, the “tnuj skiiL” Under these structures, 
which compose the skin-j)ro|K)r, is a third, — the 
sub-cutaneous (under the skin) tissue. 

Tlie outer layer of the skin, which is entirely 
cellular, is comimratively of little value, being con- 
stantly renewed from the “ true skin.” 

Hairs, it has been noted, consist of the same 
structure as the skin — being merely elongations of 
it. Between the cuticle and the “ true skin ” is a 
layer of cells containing pigment, and called the 
“ rete mucosum.” From these cells the colour of 
the skin is derived, and they also give the colorar 
tion to the hair. 

Having thus briefly mentioned the structure of 
the skin, we follow up our subject with the exami- 
nation of human hair. On pulling a single hair 
from the beard or scalp, a bulb-like appearance is 
evident at'its point of growth (Fig. 1). This hair 
consists of thr^ parts— that is, the shaft, the root, 
and the bulb, which last |)art rests within, and 
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deriTes ite nourishment fromi the hair foUiole. The 
dia^am (Fig. 1) gives the due explanation of these 
atructiires. 

The lete muoosum just mentioned is extremely 

interesting, com- 
posed as it is of 
a pigment striic- 
tiiie covering 
the true skin 
andse])arating it 
fit>m the cuticle. 
In many animals 
these pigment 
cells alter their 
forms and posi- 
tion according 
to given cii-cum- 
stances of light 
and heat (Fig. 
2); instance the 
changing of co- 
lour in foxes, 
various I'eptiles, 
But this 
structui*e can be 
best ti'eated in 
regaid to its 
jEfiving colour to 

vu«9 uaii'. 

A hair when 
pulled fixjin the 

beard should bo soaked in turpentine for a few 
minutes, after which it should be mounted in 

Canada Balsam 
in the usual 
manner. When 
thus {irepared, 
and then ob- 
served under 
the quaiiier-inch 
|K)wer of a mi- 
croscope^ two 
distinct {mrts 
^ipr are immediately 

Fig. 2,-Ceiii of tho Jitte Httoofum. noticed. First, 

(AJUr CarpitwUv,) 
i| PUrmcBt Oelhi from Skin ot 

springing from 

the lower part of the bulb, and passing up- 
wards through the root to the exti*emity of the 
shaft (Fig. 1 ) ; this pari is called the medulla. 
Secondly, the exterior pari 8unx)unding the 
* ** Scdsaoe lor AU,*’ Vol 1., pp. 251-a 

10ft 


Fig. I.^Humau Hair and FoUiola 

(A) Slmft nf Hair; (a) Cortex t '&)IlQnt: (e) Bull); 
(d) Cuti<’lu Ilf tbo HiUr: Inner HlitiAth uf tlio 
VuHiti (/) Oat«r Bliuntli: (p) Monilimno of tbo 
Hair Kollfcle; <() l^apilla: (k) tbo Oucu of 
the Hobaceouf Giands; U) Cutla of tho Urinoo of 
tbo Hair KuUiclu: (m) tbo Itote Hucoiuiu; w 
CiitHDOoua Bpidcriula. 
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medulla ’’ or marrow,” is composed of cells more 
or leas elongated : these are called the cortex (Latin 
for the outer (jari). 

Although the cells of the medulla appear dark 
fi*om a casual observation, it will be found on 
further examination that this is caused by their 
containing air. To pix>ve this, take two hail's ; cut 
about half an inch fi-om the centre of each, and 
roughly mount one of them in turpentine, the other 
in water. If this is quickly done the air in both 
cases will be seen escaping from the ends of the 
hail’s, thus proving its presence. When I say mount 
quickly, I mean simply place the hair between the 
clean glass (three inches by one inch) slide, and the 
piece of thin glass, used by microscopists ; cover 
with a small india>rubber elastic band to keep all in 



Fig. 3.—Mioroneopio Stnioturen of Human Hair. 


Huumn Hair, ahowtuff KHdermlc Scalea in iiuaition. and also (^nrllcal por- 
ibm Ilf tho Haira; Gi) (Vita of the Medulla: (o) tbo Iciiidenuiu Scalea more 
.Magiiifled: \d) Cortical Scalea Magnifled; (e) Pigtneiit Celia of tbo Cortex ; 
(/) Fatty Celia from tbo Medulla; (g) Pigment Coils from the Midulla. 


place ; then allow the turpentine or water to flow in 
by its ca]nUai'y action (p. 63). By following these 
directions the hair can be quickly observed. 

If the piece of hair that has been saturated with 
water be dried, it will again become dark in the 
centre, and the air may aftei’wards be dispelled by 
the same method. 

It is thus [iroved tliat tho medulla of the hair 
does not contain the cells which give colour to 
the hair, though no doubt it adds to its richness 
of tint (Fig. 3). 

If the medulla had been composed of pigment 


use of the tur|>entine and water, the action of these 
liquids being as follows :-^Turpentine would have 
caused the pigment cells to become more trans- 
parent, but their real colour would have romained 
nearly unaltered ; the action of the water would 
have been still less noticeable, as the colour would 
have remained unaltered* 


43 




SCIENCE FOR AIJL 




The outer or cortical part gives the hair its 
colour^ as well as its elasticity and firmness. The 
coloration, or jugment gt*anules, are derived from 
the pigment granular cells of the 
rete mucosiim of the skin during 
the growth of the hair. These 
granules of 
pigment are 
very minute 
in size and 
round in form, 
and, as they 
exist in the 
healthy hair, 
are groui>ed 
in lines be- 
tween the 
elongated and 
flexible cells 
of the cortex. 
The pigment 
granules can 
be separated 
from the cells 
of the cortex 
by the action 
of a solution 
of caustic soda, 
or potash, 
(Fig. 3, 4 To- 
wards the bulb of the hail' the cells of the cortex 
are much less elongated. 

Both the shaft and root of 
the hair are covered with thin, 
flat, ‘‘imbricated,” or overlapping, 
scales, which adhere very closely, so 
much so that when the hair is in 
a perfectly healthy and mature 
state, it is difficult to see them, 
even under a high ]>ower of the 
microscope, but in the hair of an 
infant, and that of an adult during 
certain diseases, they are more 
appai'ent. 

The hair of the lower animals 
differs but little in general structure 
from that of man, the chief difference 
being, that beneath the stouter and 
darker hair there is a shorter and finer downy or 
woolly hair; the medullary cells also vary much 
in regard to their size and position in the root and 
in the root and shaft. 

13ie hair follicles are generally imbedded in the 


cutis, though in the case of long hairs they are 
often seated as deep as the subcutaneous tissua 
The complexion, to a certain extent, rules the ooloor 




Fig. 4. --Sebaceous and Hair Folliclefi. 


Fig. 5.— Fibre of Wool, ehowing Soalea. 

of the hair ; for instance, in the fair Saxon and 
in the dai*k negro. Light, heat, climate, food, &c., 
have possibly hod more to do with the colour of 
the hair than anything else, the pigment cells of 
the rete miicosum being, no doubt, greatly acted 
upon by the increased secretion of the sebaceous 
follicles, arising from tbe heat of the climate. 
Cells from the rete mucosum often show a “ mole- 
cular movement ” of tbe pigment granules after the 
skin is taken from the body. There is there- 
fora but little doubt that intense light acting upon 
this remarkable tissue causes the pigment cells to 



Fig. 6.— IHffvrmt Forint of Sotltt of ButiorSiei. 

increase and aggregate according to the amount 
of light absorbed, until these aggregations cause 
the skin to assume various shades, varying firom 
white to brown and black. In conneo^n with 
this subject I may state in passing that analyses of 
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time pigment oeOe have proved over fifbj per cent 
of pore oarbon to be preeent. In the case of the 
frog and other reptiles, the pigment oells are not 
always round. Oooasionally they occur as star-, 
shap^ cells (Fig. 2). The skin of the common 
frog is one of the best examples, as it changes its 
colour somethmg like the chameleon — according to 
the state of the lights heat, and pressure of the 
atmosphere. 

In diseases of the skin, the blood rushes with 
greater force to the surface ; in this case, there- 
fore, the ** true skin ” is greatly stimulated ; thus, 
the cuticle and also the epidermic, or epithelial 
scales, are constantly in the process of renewal 
Thus it would be better to strengthen these tissues 
by using a pui*e animal oil, which would add 
strength to the hair as well as to thn skin, being 
readily secreted by the sebaceous follicles, and 
gradually conducted by them to the hair follicles 
into which they flow (Fig. 4). 

It is evident, therefore, that if the hair is 
weakened in colour or otherwise, the only remedy 
that can be applied is to strengthen the skin, either 
internally by giving strength to the individual, or, 
as before mentioned, by the moderate use of pure 
animal oil. 

If the sebaceous follicles are diseased, the only 
apparent remedy would be a long course of perspi- 
ration-causing medicines, together with proper 
tonics. 

To the student a never-ending variety of struc- 
ture is present, both in regard to the internal and 
external tissues. Whilst human hair is smooth, 
the hairs of many animals are rough, hence their 
use in the economy of nature ; the hair (wool) of 
the sheep and goat family supply millions with 
warm clothing. The structure necessarily required 
for felting is contained in the hairs of but few 
animals apart from those just mentioned. 

The appearance and use of wool are well known, 
but its value as a felting hair is as much due to its 
curling manner of growth as to its imbtioative 
surface. The felting principle will be easily under- 
stood by referring to Fig. 5. All felting hairs 
have the outer part of the cortical structure much 
looser ; this of necessity causes the siuface to be 
of a more imbricative nature. The hair of the 
monkey order is nearly the same as in man ; the 
air cells of the medulla are, however, much larger. 
The bat tribe have beautiful hair, well fitted for 
felting purposes if they existed in sufficient 
numbers to allow of its being utilised. 

But it is in the hair of annuals of the order of 


ruminants that the felttng principle is chiefly 
found. This order, containing as it does the 



Fig. 7.— Ganoid Soalo— Stturgoon. 


numerous vaiieties of sheep and goats, may be 
said to supply at least four-fifths of our material 
for felting purposes ; and with due selection, it is 
highly probable that new varieties will be bred 
of much higher quality than those at present in 



Fig. 8.>*Flaooid Soald->Whit« Shark. 


use. To scientific observers the numberless forms 
of the minute hairs and scales of insect life are full 
of interest, and though from a practical and com- 
mercial point of view they are of course valueless, 
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their beatkty of f^rm and colour may be aaid to be 
marvellous (Fig. 6). 

A few years ago the scales of hsb^ were thought 
to have the same epidermic structure as the hairs, 
nails, ^c., of the higher animals, but it is now 
proved that these structures are different, more so 
perhaps in their chemi- 


It may be mentioned in passing, that ooca- 
sionally and under abnormal ciroumstsnces, scales 
having the type of other orders have appeared, 
though in small number, upon the skin of other 
genera. 

In regard to the structural characteristics of fish 



Fig. 9.— Ctenoid Soolo—Sole. 


cal composition than in 
their form. Fishes, in re^ 
gard to their scales, have 
beenconveniently classed 
under four orders. 

The ganoids are 
covered with thick scales 
containing bony 8truo> 
ture, and covered with 
enamel. Nearly all the 
species are fossil ; an 
example of two of the 
recent being the sturgeon 
and pike (Fig. 7). 

In pl4icoid fish, the 
skin is covered iiTegu- 
larly with plate - like 


scales, which are not enamelled. Most of the 


species are fossil, but the shark may be taken 



Fig. 10.— Cycloid Scale— Sardine. 


as a type of one of tlie living genera (Fig. 8). 

In the ctmoid order the scales are bony, and 
often much serrated at tbeii* posterior margin, hence 
the name ** comb scales ; there are a few fossil 
genera of tliis type, but the majority are living. 
The illustration given is from the sole (Fig. 9). 

The cycloid order, again, contains the majority of 
our edible and fresh water fishes ; examples of the 
order may be taken from the roach, sprat, salmon, 
and other common salt and fresh water species ; the 
order will be easily known from the posterior margin 
of the scales being smooth or entire (Fig. 10). 


scales it will be noticed that each scale consists of 
really two portions : an innei*, which gives the 
chamcter to the scale fi*om being fibrous in 
structui’e, and therefoi'e rules the guiding linea 
Covering this is a structure composed of concentric 
scales: these scales add to the general force of 
stnicture given by the under tissue. 

Fish scales contain a large percentage of 
inoiganic matter, various salts of lime being 
generally present, chiefly the phosphate and car- 
bonate of lime (calcium). 


AN OLD CONTINENT IN THE ATLANTIC OCEAN. 

By Charles Callaway, M.A., D.Sc., F.Q.8. 

A ccording to the ancients there once existed up in a day and a night. This legend is said to have 
in the Atlantic Ocean, opposite Mount been related to Solon by the Egyptian priests, and 
Atlas, a great island adorned with eveiy beauty is given by Plato in the Timieus.*’ It probably 
and possessing a numerous population. Its princes had its origin in the existence of the Azores, or the 
were powerful, so that they invaded Europe and Canary Islands, which may have been visited by 
Africa, but were defeated by the Athenians and the Phcenicians. It is the purpose of this papear to 
their allies. Its inhabitants degenerated into ira- prove that this fable has b^ far exceeded by the 
piety, and the iaiand was in consequence swallowed reality ; that there pnce existed in the area now 
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Dovered by tlie North Atlantic an Atlantis of con- 
tinental sbe, and of an antiquity compared with 
which Plato's island is but of yesterday. 

Some geologists are of opinion that North 
America was connected by l^d with £urof>e in 
Middle Tertiary (Miocene*) times. The evidence 
upon which this theory is leased is the resemblance 
of the existing plant life of North America to that 
which flourished in Western Europe in the Miocene 
epoch. The plants are supposed to have migrated 
from east to west by way of this imagined Atlantic 
land. It seems extremely unlikely, however, that 
so great changes in the physical geography of the 
globe should have taken place within times com- 
paratively BO recent. The deeper parts of the 
Atlantic are from 12,000 to 16,000 feet, and we 
require very strong evidence to convince us that 
such enormous depressions have occurred since a 
comparatively recent geological period. The migra- 
tion of the Miocene flora may be more easily ex- 
plained. The land connection between Europe and 
North America by way of Asia is broken only by 
Behrmg’s Straits, which are very shallow ; and a 
slight elevation would make it complete. That 
the migration has been from west to east, across 
Eurojie and Asia, receives confirmation from the 
fact that a flora similar to the North American 
has been discovered in Japan. It is, therefore, 
unnecessary to create an Atlantic continent to 
account for the migration of the Miocene flora. 
The continent of which it is the purpose of this 
paper to speak is of incomparably greater antiquity. 
No traces of it now remain, unless the submarine 
ridge, which runs down the Atlantic valley in about 
60“ west longitude, be its denuded foundations. 
This ridge reprosents a great mountain range, 
rising 4,000 feet above the valley to the west, and 
8,000 feet above the valley to the east ; and reach- 
ing to within about 4,000 feet of the surface of the 
ocean. The Atlantic islands are not in any way 
connected with this ancient land. They are of 
volcanic origin, rising steeply out of a ddep ocean, 
and are of comparatively modem date, the oldest 
strata contained in them being of middle Tertiary 
age. The destruction of the old Atlantis strikingly 
illustrates the instability of the land. At an epoch 
inconceivably remote, the Atlantic rolled as it is 
rolling now. Then a huge island raised its back 
above the waters, and, despite the hammering and 
grinding action of the waves, grew up into a con- 
tinent, with river systems and great mountain 
chaina Bain, frost, ice, and carbonic acid, were 
* flfeFBPKTisrtSOto fcr All,** Vol I. 


all the time at work upon its surfhoe, eroding, 
filing, sawing, dissolving, softening, washing down; 
till, after it had braved the elements for many 
successive epochs, it gradually wasted away, broke 
up into islands, and finally disappeared. The ocean 
reclaimed its ancient sovereignty, and its shores 
gi'adually assumed their present outline. 

Two familiar geological principles must be taken 
as our starting point. The first is that denudation 
is equal to deposition^ If a million tons of mud 
were in a certain time deposited by the Nile on its 
banks and at its delta, it is evident that a million 
tons of rock must have been washed down from 
the regions of the Upper Nile. Or if the sea eat 
away a million tons of rock from the coast of 
Norfolk, it is clear that the same weight of sand 
and mud must be deposited in the adjacent seas. 
The existence, thereforo, of sedimentary stmta of a 
certain bulk proves the former existence of neigh- 
bouring land of equal dimensions as certainly as 
the bottle of wine on your table proves that there 
is one bottle less in your cellai*. A continent 
deposited means a continent denuded. But we 
have not only to ascei*tain the quantity of the 
mateiial deposited; wo have to find out the 
dii*ection from which it came. This leads us to a 
second geological axiom: — that tlie proximity oj 
land is known by the clairacter of tite derived 
sediment A conglomerate, or ^‘pudding-stone,” 
is simply a consolidated pebble-beach ; so that, if 
we find beds of conglomerate, we know that the 
land from which they were derived must have been 
close at hand. Sandstones and shales (laminated 
or bedded clays) have also their distinctive teach- 
ing. A river brings down to the soa large 
quantities of mud and sand derived from the 
wearing down of the higher land. The particles 
of sand being heavier than the particles of mud, 
will sink first, and will form sand-banks in the 
estuary of the river, or at no great distance from 
its mouth. The finer portions of the clay will 
remain suspended for a much longer time ; and, if 
tliey are drawn within the influence of powerful 
currents, they may be swept out for hundreds of 
miles, and deposited in the ocean far from land. 
Conglomerates, sandstones, and clays (or shales), 
are thus indices of the distance of the lands from 
which they are respectively derived. It would be 
beyond the scope of this paper to indicate the 
limitations to this statement; it is suflicient for 
our purpose that it is roughly true. The evidence 
derived from limestones is rather more complicated. 
Some limestones are deep-sea deposits ; or, at any 
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rate^ are formed in waters from the washings 
from the land. Such is the chalk of our south- 
eastern counties, which has its modem repi^nta- 
tive in the calcareous mud which covers the middle 
depths of the Atlantia Other limestones are 
pranced by the building up and wearing down of 
coral reefs ; and, though they do not necessarily 
prove that the land was far distant, are evidences 
that the sea was free from mud and sand, for 
the coral zoophytes will not grow in turbid water. 

If strata are traced for any distance in their 
horizontal extension, they are fi*equently found 
to pass gradually into sediment of a different 
character. A conglomerate may graduate into a 
sandstone, a sandstone into a shale, a shale into a 
limestone. In each case the laiid lies in tlie 
direction of tlie former of the two. If a con- 
glomerate ])as8 to the west into a sandstone, the 
land lay to the east If a shale graduate to the 
north into a limestone, the land lay to the south. 

The ihicknean of strata must also be taken into 
account in searching for the direction of the land. 
In a delta, for example, the beds of sand or clay 
tliin out towards the deep sea. The washings from 
a coast also follow the same principle. The thick 
end, therefore, of a series of rock beds points in the 
direction of the land from which the material was 
derived. 

In our present argument we are chiefly concerned 
with the Palaftozoir gioups — or the most ancient 
rocks in which any fossils are found — especially those 
of the United States, which are very favourable for 
our purpose, being of great horizontal extent, and 
comparatively undisturbed. In Western Europe 
the older groups of rocks cover more limited areas, 
and are generally much altered, twisted, broken, and 
dislocated, so as to render their study less satisfactoiy . 

The area in North America to which our sttidy 
is cMefly directed, is in extent about 1,000,000 
square miles, being the great mass of land which 
lies between the Atlantic and the Mississippi, east 
and west ; and between Canada and Georgia, north 
and south. In the east the strata are crumpled up 
into a series of folds, with a north-east and south- 
west strike parallel to the Atlantic coast-line, and 
forming the high-land of the A])palachian mountain 
system. Towards the west those great waves of 
rock gradually flatten out, so that on the Mississippi 
the strata lie horizontal. The rocks which cover 
this area are chiefly Falseozoic, including the 
formations from the Lower Cambrian to the 
Carboniferoua We shall study some of^ these 
groups in ascending order. 


Commencing with the Lower Silumn^ we pass 
over the formations below the Hudson River groap^ 
as their testimony does not bear upon our topia 
The Hudson River fohnation in eastern New York 
is 700 feet in thickness ; on Lake Huron it has 
thinned out to 180 feet ; still farther west, in 
Michigan, it is attenuated to 18 feet. The evidence 
from the thinning of the beds is confirmed by the 
change in the ohciracter of the sediment In New 
York the group consists of sandstones and shales ; 
in Ohio it has become highly calcareous. 

The Oneida Conglomerate is an Appalachian 
deposit In Pennsylvania it is 700 feet thick. It 
does not extend to the west 

The Medina Sandstone is 1,500 feet thick in 
Virginia and Pennsylvania. Consisting of finer 
material than the underlying conglomerate, it 
reaches farther to the west, but thins out in that 
direction. 

Coming next to the Upper Silurian we take 
first the Clinton group. In the eastern part of 
our area, it consists of shales with some thin beds 
of limestone j but to the west it is represented 
by limestones. It stretches farther west than the 
Medina sandstone. The Niagara formation is 
represented in the Appalachians by shales, which 
pass towards the west into limestones. 

Next in order is the Devonian system, the base 
of which is the Oriekany Sandstone, This deposit 
is a thick series of sandstones in the Appalachians, 
but in the State of Missouri it has become a lime- 
stone. 

The Hamilton group in Eastern New York is a 
sandy deposit with land plants, but westward it 
gradually passes into a calcareous shale, with lime- 
stones. The Chemung formation is similar to tbs 
Hamilton. In New York it is sandy, in Iowa it 
is calcareous. 

The Catskill group is confined to the Appala- 
chian area. In that mountain-chain it is from 5,000 
to 6,000 feet in thickness ; in the State of New 
York from 2,000 to 3,000 feet. It consists of con- 
glomerates, sandstones, and shales. 

Ascending t6 the Carboniferous system, we 
come first to the Louder Carhoniferous gi'oup. 
In the Ai>palachian range it is made up of a 
series of shales and sandstones, 3,000 feet thick. 
On the Mississippi it is represented by lime- 
stones. 

The Mittstons Orit consists of grits and con- 
glomerates. It is absent on the Mississippi 

The Coal Meaomes are 3,000 feet thick in the 
Appalachian range, and consist of shales and 
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sandstones. West of the Mississippi they ai^ same sourooi though the testimony is not so com- 
represented by a limestone. plete, for the reason above stated. 

Fig. 1 illustrates the thinning out of the Appola- The Silurian and Cambrian rooks of Western 
chian deposits, with their passage into limestones. Europe are of great thickness. The Lower Cam- 
From these details we gather two important briau of Shropshire alone ier several miles thick, as 
facts: — First; the strata thin out towardi the may be seen in the Longmynd Hills, near Church 
weet. Some of the formations are almost con- Stretton. The IJpj>er Cambrian rocks of North 
hned to the Appalachian range, others stretch Wales are estimated at 8,000 feet The Silurian 
some distance to the west, while others reach series of Britain con hardly be less than 20,000 
the Mississippi in an attenuated form. The feet The Cambrian and Silurian united will not 
total thickness of the above group is at least be over-estimated at a thickness of six milea In 
four or five miles in the east, but in the west it has Scandinavia these systems have become greatly 
diminished to less than one mile j forming a gi-eat attenuated. Murchison calculated that 30,000 feet 

e 


lig. l.->I)]Si*OfiiM rofutKD vY TUX DsMUiiATiox 09 THS Old Atlahtis OK THX WsBT. (Scal« w^uch exaggerated.) 

0) Hodtou River Grpup; ( 9 ) Oneida CenfrlomerAte ; (8) Medina Suidttone; ( 4 ) NlmirnrA and Clintnn Uroupi; (5) OrUkany BandBtnne; («) Olicmung and 

Hamilton Group; (7) Catakili Group; (O) Oarboulferoua Group. 

wedge, a thousand miles square, the tliick side of of Lower Silurian strata (his Lower Siluiian includes 

whi^ is directed eastward Second : when the the Upper Cambrian of most living geologists) in 

strata grow more calcai*eous, that transition oLwaye Britain, were represented by only 1,200 feet in 

takes place voeetward. Both of these facts lead to Sweden and Norway. The same author estimated 

the same conclusion, that the land irom which this that the Silurian rocks in Russia were probably not 

great mass of rock was derived lay to the east, that a fortieth part of the vertical magnitude of our 

is, in what is now the North Atlantic Ocean. magnificent British deposits. 

Our next inquiry has reference to the size of this The Devonian strata of Britain also thin out 
Old Atlantis. We have some rough data for de- considerably towai'ds the Ui*al Mountains. In 

termining this question. We must first ascertain Ireland and Britain they are largely composed of 

the size of the mass of material deposited. We sandstones and conglomerates ; in continental 

have seen that it is about 1,000,000 square miles. Europe they are for the most part calcareous. 

We shall not exaggerate if we take the average During the Upper Carboniferous period, land 
thickness at one mile. This would represent a conditions prevailed in Britain; towards Eastern 

continent of 1,000,000 square miles iii extent, Europe, marine deposits predominated, 

and one mile in vertical elevation above the level The thin end of the Palfeozoic wedge in Europe 
of the sea. But the average height of exiBtin <5 is thus seen to be directed towards the east, and 

continents is less than one quarter of a mile, so the land from which the strata were derived must 

that if we assume that measure for the height of consequently have been situated to the west, 

our ancient land, we must give it an area of Thus the Old Atlantis, by means of its rivers and 

4,000,000 square miles, that is, 2,000 miles each the waste of its coast-line, probably helped to build 

way. up lands on both the west and the east We 

But in building up our old Atlantis, we have as cannot, however, suppose that deposition took place 

yet taken into account only the strata deposited on only on two sides of the Old Atlantis. During 

the west We are not without evidence that some the Palaeozoic epochs, marine limestones were de- 

of our European fonnationi were derived from the posited in several parts of the Arctic region% so 
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that an open sea must have spread in that direc- latitudes prevailed to within 400 miles of the 
tion, and some of the waste of the old land must North Pole, a faet revealed to us by the fossils 
have been carried into that sea. The same wearing collected during the Arctic expedition of Sir George 
down of the land must also have taken place to Nares. In Carboniferous times, the same assem- 
the south, unless, indeed, the Atlantis was part of Wage of land-plants extended, with slight modifies- 
a great continent which, stretched out into what is tions, from the Southern States of America to high 
now the South Atlantic Ocean. polar latitudes. Such facts as these teach us that 

Assuming the Old Atlantis to have been an the climate of our northern hemisphere was very 
island, we shall hardly be exaggerating if we uniform, since the distribution of animals and 
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conclude tlmt it was at least as large as Australia, plants is largely dependent upon temperatnro and 
which is about 2,400 miles from east to west, and other climatal conditions. This equability of 
1 700 from north to south. The denudation of the climate in ancient times receives strong confirma- 
western side as we have seen, produced a mass of tion from the distribution of plants in the Miocene 
land as large as Australia; and denudation on the period, when even such northern lands as Groen- 
east, north, and lasrhaps south, should at least land and Spitsbergen supported a luxurmnt vegeta- 
double our estimate. I am dearous, however, to tion of beeches, oaks, maples, planes, walnuts, ferns, 
eiT on the side of moderation, and shall be content magnolias, and other plants of temiierate dimes, 
to make my Old Atlantis the same size as our If the climate of the earth was so free from eat- 
southern continent. tremes in times comparatively so recent, we can 

We come next to the climate of the Old Atlantis, the more rewlily believe that such was the ^ m 
We can infer this only from what we know of the a more remote epoch. During the Oarbomferom 
climate of North America and Western Europe in iieriod tlfb predominant forms of vegetable Me 
Palawzoic timea During the Silurian ep<jch, the were teee-fems, gigantic horse-tails, lyoopodiaoeemi 
same marine animals whidi flourished in middle plants, and ooniferej the balance of probaWBff 
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mrifiing firom thu flora boing in favour of a warm, was warmer than that of our present globe m the 
moist dimate. If, as some eminent authorities ai'e same latitudes. 

of opinion, our sun is cooling down, it must have The life of our Atlantis next engages our atten- 
had greater heating power in such ancient times tion. On this subject we can speak only so far as 
as those we are considering. Professor P. Martin discovery has led us, and new revelations of fossil 




Fig. Be«tored. (9Qto iiO/Mi Kigii) 

Duncan* is of opinion that our earth is gradually 
losing its atmosphere as the moon has already lost 
hers. If this be so, our atmosphere in Palssozoic 
ages must have been denser than at present. This 
augmented density would tend to produce a higher 
temperature, our Alpine experiences proving to us 
that the odd increases widi the rarity of the air. 
AU the evidence we can gather tends to the same 
ocmdusion — that the climate of the Old Atlantis 
t Pretldeittlal Addmi to Godogioal Sodety, Fek., 1877. 

IOSa 


Tiff, 4i.->-Lepidodeudron Bestored. (4/0 fwt high.) 

life may modify our oonclusiona Great changes 
of course too]^ place in the long succession of 
epochs during which the Old Atlantis supported 
animals and plants ; and I prefer to speak only of 
the later periods of its existence, because it was 
then that its forms of life reached their richest 
development. We know something of tlie fauna 
and flora of neighbouring lands during the Carboni- 
ferous period, and it is fair to infer that the life 
which flourished in the Old Atlantis Was not very 
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from that of Western Europe and eastern 
North Ameiica. The king of our ancient continent 
was not a member of very distingniahed fiunily. He 
is named Hylonomvs. He belonged to the reptiles, 
and bore some I'esemblanoe to a lizard. There is, 
indeed, some doubt whether he could claim reptilian 
rank, as he had close affinity with the amphibians, 
who are fish during the earlier part of their life, and 
reptiles only in their riper yearn. This creature, 
so far as is at present known, was the highest 
organisation of these early epochs. No bird made 
the luxuriant forests of tree-ferns and club-mosses 



Fig. 5.— Sinill and Shoul l^rs of .drcIieaoMunui minor, one of the 
Kuling lUce in the Ola Atinntie. 

vocal with its music, or left the trifid imprint of 
its feet upon the sands of the shallow estuaries. 
No mammal, even so lowly as a kangaroo or a 
duck-billed Platypus, still less, so exalted as a lion, 
or horse, or a monkey, hunted over the plains or 
sported in the tropical sun. The monarchs of crea- 
tion were the Labyrinthodonts (Fig. 5), so named 
from the complex and beautiful structure of their 
teeth, in which the enamel was arranged in folds 
resembling the convolutions of the human brain. 
These belonged to the Amphibia^ and some of them 
still retained in their later reptilian life the traces of 
their fish origin, such as the arches which contained 
the gills, and the cartilaginous backbone. Some of 
them were of gigantic size, such as BapheUa and 
AifUhr<ico9a%uru8, and must have been mayors, of the 
palace to the more dignified but feebler Mylcmnim 


however, waa not one of Uie last sdens 
of a decaying race ; he was probably one of the 
founders and forefathers of the gr^ saurian* 
dynasty which ruled the world in Mesozoic times, 
when the Old Atlantis had sunk beneath the 
waves. Snails made their first appearance in the 
later ages of our ancient continent, being repre- 
sented by forms resembling the modem Helix and 
Pupa, Insects appear to have been tolerably abun- 
dant, and were represented in most of the present 
orders ; but some of the earlier types were syn- 
thetic,” — ^that is, combining peculiarities of structure 
now found only in different groupa We have insects 
resembling May-fiies, beetles, cockroaches, crickets, 
and locusts. The myriapods are very peculiar, 
with segments divided by cross sutures. Amongst 
the spiders is a curious scorpion, with its twelve 
eyes disposed in a circle. The plant-life of the 
later Palieozoic periods — which has been already 
noticedt — ^is their most conspicuous feature. Ferns 
are very abundant, some of gigantic size. Cala- 
mites resembling enormous horse-tails {Eipiiaetum) 
grew in dense brakes on low, moist fiata The fruit 
was a long cone ov spike. Some were more than 
twenty feet in length (Fig. 3). Lepidodendron was 
probably a lycopod, but of giant dimensions, reach- 
ing in some cases a length of fifty feet or more. 
The bark was covered with diamond-shaped scars, 
the leaves were slender and pointed, and spore- 
cases were formed in spikes at the ends of the 
branches (Fig. 4). SigiUaria had its bark covered 
with seal-like scars, and attained equal dimensions 
with any of the preceding. Numerous other genera 
al)Ounded, but it is doubtful if, amidst this prolific 
vegetable life, any flowering plants existed. Many 
of the types seem to have combined peculiarities 
now found only in widely-separated groups. Fish 
were abundant in the rivers and seas of the Old 
Atlantis. They were all of them ** heteroceroal,”-— 
that is, with the back-bone pmlonged into the 
upper lobe of tbe tail — a peculiarity possessed by 
comparatively few modem fishes. Most of them 
were ganoids, the body being covered by laige, 
strong, shining plates. In Fig. 2 we luive a 
representation of the marine life of this ancient 
period. 

Such were, then, the denizens of this ancient 
continent Th^ lived and died, and their sepul- 
chres are with us to this day in the fom of the 
hollow tranks of fossil trees, or of beds of iron- 
stone, clay, or sandstone. The very types to which 

• ‘‘Science for All,” Vol. H., p. 
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iome of belonged are gone, and sinoe tbeir 
time new types have come into being, in their turn 
to give pla^ to still higher forma Of the mode 
of life of these antique creatures we can form a 
rough idea. The glory their ejcistence was, 
doubtlesB, to conquer and to devour. Suffering 
and death was the common loi The great alter- 
native of life was to kill or to be killed. But 
this seemingly wretched state was not all evil 
The perfection of the animal kingdom was to be 


attained through suffering and conflict. Had these 
ancient beings been provided with the means of 
idleness and easily obtained supplies of food, higher 
types might never have been produced. Through 
the immeasurable epochs, amidst the upheaval and 
decay of continents, with types of life coming 
slowly into being and as dowly departing, the 
races of the world were being elaborated into 
higher forms, till man appeared as the crown of 
the organic world. 


THE ELECTRIC LIGHT. 

By Cael Hseino, M.£. 


0 doubt it has often been thought strange that 
electricity, which is itself quite invisible, can 
produce the most powerful light known ; that the 
same electricity, although itself noiseless, can pro- 
duce the loudest noise known, the thunder, or can 
operate the most delicate of all knowm acoustic in- 
struments, the telephone ; that, although existing 
in unlimited quantities in and around the earth 
in a form in which it is quite powerless, it can be 
used to drive motors as powerful as the strongest 
engine, or more delicate tlian a watch. Although 
we cannot touch or handle it, yet we can measure 
it with the greatest accuracy ; although we cannot 
feel it, yet a minute quantity can produce the most 
violent sliocks to our bodies, which may even 
result in death ; although tasteless, it can produce 
the sense of taste ; although not a medicine or a 
tonic, it can be used to cure diseases, or as a stimu- 
lant Although it has apparently no velocity, it 
can travel from one continent to the other in the 
Atlantic cable in what might almost be called 
‘‘less than no time.” Although not a chemical, 
it produces very powerful chemical action. It 
cannot be burnt, yet it can produce the greatest 
heat know n. 

It might appear from this as if electricity were 
some obscure powrer, whose curious paradoxical 
qualiti^ are still mysterious. This is, however, 
not the case. Though it be true, as explained in 
previous articles, thut w/Mt tlectritMy ia be still a 
profound mystery to us, almost all the Imoa of 
electricity are better known, and more definitely 
determined, than those in many other branches of 
science; which may perhaps appear the greatest 
paradox of all. 

Everybody knows, and perhaps from painful ex- 


perience, that if a string or wpe is drawn rapidly 
through the hand it generates heat. If this be 
done with metal or wood, and the action be in- 
creased very greatly, it would produce such intense 
heat as to glow, as illustrated by the methods of 
the ancients, who kindled their fires by nibbing 
two pieces of wood together. If a string or wire 
be drawn very rapidly through a small tightly- 
fitting hole in a tube, which ofiers" great resistance, 
heat would be generated in the same way. 

But this production of heat by mere resistance, 
is not limited to resistance to the passage of 
ordinary material bodies ; electricity, which flows 
through a solid wire like water or gas does thi’ough 
a tube, can be forced to pass through a small 
wire which offers a great resistance to it, much 
like the resistance to tlie motion of a string 
through a small tube; and in doing so it will 
heat that wire analogously to the action of the 
string. If the wire is made very small, so as to 
present a very great resistance, and if the quan- 
tity of electricity be made comparatively large, the 
heat developed may be made so great, that it will 
raise the wire to a white heat, and thus develop 
light. 

This simple action is the principle of the small 
electric lights shown in Fig. 1, which are 
now " so common, and are called incandescent 
or glow lamps, because the light is produced 
by the glowing or incandescence of the small 
wire loop. Although the property of electricity to 
heat wires to a white heat was known for a long 
time, it was not until a comparatively recent period 
that a lamp was constructed on this principle. The 
difficulties involved were very great For instance, 
if the wire is made of metal, it soon oxidises and 
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oorrodea, and is therefore rapidly destroyed, or 
has a ** short life,’’ as the electricians appropriately 
term it To guard against this, the wire, or 
** filament,” as it is called, was inclosed in a small 
air-tight glass globe, from 
which the air was exhausted, 
so that it could not come 
into contact with the filament 
But even this did not make 
it a practical success as a 
lamp, because it was found 
that the quantity of electri- 
city which was required in 
even a small lamp was so 
great that it made the light 
very expensive, electricity in 
those days being generated 
by costly batteries, or by 
very crude and inefiSicient 
machines. Stated in the 
language of the electrician, 
the “ efficiency ” of the lamp 
was very poor ; or, in other 
words, the light produced 
from a given unit of electricity was too small. 

In trying to overcome this difficulty, it was found 
that if the wire or filament, instead of being of 
metal, was made of carbon, it would give mudi 
more light. The reason of this is that electricity 
flows very readily through metals, because the 
metals offer very little electrical resistance, just as 
a smooth pipe offers little resistance to the flow of 
water through it Carbon, on the other hand, is 
more like a pipe which is rough inside ; it offers 
veiy great electrical resistance : and as the heat 
developed depends on this resistance, it is evident 
that intense heat can be more readily obtained in 
a small carbon filament, without making the fila- 
ment too small to be practical. Furthermore, the 
carbon used — which is similar to coke, hard coal, or 
grapliite — does not melt, like the metals ; it can 
therefore stand a much higher temperature, and 
consequently produce a much more intense light. 
As this carl^n will bum up in the air, however, like 
coal, it is essential in such lamps to have all the 
air exhausted fi^om the little pear-shai^ed globes, in 
order that it may last longer. If the globe should 
break while the lamp is burning, the air will rush 
in and immediately consume the filament. 

The chief difficulty and expense in making these 
lamps is in the manufacture of the fine, frail, 
carbon filament. The process of making it is^ based 
on the very valuable discovery that if any organic 


substance, such as wood, pit.per, or silk, be dosely 
packed together with finely-powdered carbon in an 
iron box, and then placed in a furnace in which the 
whole mass is heated to a white heat for a long 
time, the material will be converted into a grayish 
substance, having all the appearances of a metal. 
This process is called carbonising.” A piece of 
[laper or cardboard so heated would look like a 
sheet d steel ; while a piece of carbonised wood will 
have a metallic ring, like a piece of steel, when held 
up and struck. A very thin splinter of wood, or a 
narrow strip of paper scarcely thicker than a hair, 
will still be quite flexible after oarl)onising, and may 
be bent into a loop or other form. 

Some makers use Japanese bamboo, which is first 
carefully out into long, thin, hair-like filaments and 
then carbonised. Others use paper or cardboard 
carefully stamped or cut to the right size. Some 
use silk threads or fibres. Even the explosive gun- 
cotton is used very effectually for such lamps ; it 
is first dissolved, and then formed into a homy 
substance called pyroxiline, very much like the 
well-known celluloid ; this is rolled into thin sheets, 
cut into fine thread-like strii^s, and then carbonised. 
Still others use a very fine, long platinum wire, so 
thin as to be scarcely visible to the naked eye, 
and deposit on this a hard metallic layer of car- 
bon by a very ingenious process called “ treating.” 
This process of “ treating,” to which the practical 
success of the manufacturo of incandescent lamps is 
to a great extent due, is applied also to most of the 
carbon incandescent light-filaments. It is based 
on the valuable discovery that when such filaments, 
whether of carbon or of platinum, are heated while 
surrounded by liquid or gaseous products of petro* 
leum (called hydrocarbons), the carbon which is 
contained in these hydrocarbons is deposited on 
the filaments in the form of a fine hard coating, 
which may be made thicker by simply continuing 
the process for a longer time. To “ treat ” such 
filaments, tliey are first cai'bonised as described 
before, then bent into the proper loop, and 
mounted, by having wires attached to their ends, 
which are to serve os the “leading-in” wires, to 
lead tlie current into and out of the lamp. When 
thus mounted, as shown in 1, Fig. 2, they are 
placed in a vessel containing the hydrocarbon, and 
a current of electricity is passed through the fila- 
ment for a few seconds ; this heats the filament to 
a red heat, which causes the carbon-coating to be 
deposited on it. The object of thus treating ” 
filaments which already consist of carbon, is to 
make their cross-section exactly the same in all 
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Fig. 1.— Incandescent 
Lamp. 
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parted as it ib exceedingly difficult to cut them thus 
accurately when they are first shaped. The carbon 
will de|> 08 it more where the filament is thinnest, 
and so remove the inequality. 

To exhaust the air ^m the globes, an ordinary 
air-pump would not answer, as it is not possible to 
bring the exhaustion to as high a degree as is 
necessary. The makers, therefore, use a peculiar 
pump, based on the principle of the barometer. 
It is well known that the vacant space in the top 
of a barometer is a vacuum; if, ther^ore, the 
little globes be made the top of what might be 
called a huge barometer, it is evident that the 


fused into it. It is next ** treated ” as described. 
It is then inserted in the little pear-shaped globe 
as shown in 2, and the joint carefully sealed, as 
shown in 3, by being fused with the aid of a blow- 
pipe fiame. The remainder of the large tube is 
then cut off, leaving the lamp as shown in 6, with 
a long thin tube at the end : through this the 
exhaustion is then carried on; after which this 
little tube is fused close to the lamp, as shown 
in 7, thus leaving the lamp ready for use, 4 shows 
the tube from which two little bulbs are blown as 
seen in 5. 

An electric current must always have an inlet 
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exhaustion may be carried to almost any extent 
Complicated air-pumps, in which mercury is used, 
and which are based on this principle of the baro- 
meter, are used to effect the exhaustion. The 
carbon of the filament being similar in its struc- 
ture to a sponge, it contains quite a large quantity 
of air in its pores, which cannot be pumj^ed out 
To free it of this air, it is heated by passing a 
current of electricity through it while*, it is being 
exhausted ; this liberates the air in it, which may 
then be exhausted. 

Tl)e various stages in the manufacture of the 
glass bulbs of the lamps are shown in Fig. 2, 
from which it can be seen that it is by no means a 
simple process. One large manufacturer says that 
a single lamp goes through 200 pairs of hands 
before it is completely finished. 

The diagram marked 1 shows the filament after 
it has been carbonised and fastened to two wires, 
which lead through the glass tube and are firmly 


and an outlet to a lamp, machine, or battery ; it 
is analogous to a cuiTent of water flowing through 
a pump, or to an endless belt running over two 
wheels or pulleys; in order to make it ‘‘flow,” 
it must be able to pass in and out again. It is, 
therefore, necessary to have two wires leading from 
a battery or machine to a lamp. If either one 
of these connections is not “complete,” as it is 
termed — that is, if it is “open,” or not in good 
metallic contact — it is like a pump with either its 
inlet valve or its outlet valve closed, or like 
a machine belt which has been cut on one 
side; it will then no longer be continuous, and 
therefore tmnsmit no power. This is a very im- 
portant and valuable feature of electricity, as it 
enables the current to be started or stopped at a 
great distance from the apparatus by merely run- 
ning the “circuit” to any desired place, and 
placing a key or switch there for opening and 
closing the circuit. This principle is made use of in 
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tho telegraph, in exploding mines, in manipulating 
torpedo-boats from the shore, and in lighting 
electric lamps from a distant point. 

As it is necessary merely to lead the electricity 
into one end of the filament of a lamp, and out of 
the other, it is evidently very easy to make the 
necessary connections, much easier than in the case 
of gas, no air-tight tubes and valves being neces- 
sary. The connecting wires are “ insulated,^' as it 
is called ; that is, covered with some non-conductor 
of electricity, such as cotton saturated with 
paitiffin or paint, the only object of which is to 
keep them from touching each other or any me- 
tallic parts of the fixture. The “ connections are 
therefore very simple ; the cock for turning the 
light on or ofi^ is not a valve, but merely a switch 
for making a metallic connection with the leading- 
in wires; the act of turning it merely ^^completes 
the electncal connection between one end of the 
lamp and one of the wires, the other being per- 
manently connected. As this key or switch merely 
closes the electrical circuit for the lamp, it may 
evidently be placed in any part of the room, even 
at a great distance from the lamp. For instance, 
it may be placed just inside of the front door of 
a house, or at the head of a bed, the lamp or lamps 
being in any other part of the hall or the bed- 
room. 

The uses of the incandescent lamp are almost 
unlimited, on account of its many advantages over 
gas or oil lamps. As it does not consume air, nor 
vitiate it by generating poisonous gases like those 


should be kept pure and full of oxygen. As it 
does not burn, in the strict sense, but merely 
glows, it is much safer against fire, and can thm- 



Fig. Diadem Apparatua. 


fore be used to great advantage in powder or fiour 
mills, coal mines, coal -oil factories, and similar 
places containing explosive substanoea As the 



lamp can be turned so as to 
point downward where the light 
is required, and can be com- 
pletely enclosed in artistic ground 
or coloured globes, very beau- 
tiful efiects can be produced, 
which are not possible with gas 
or oil lampa Very artistic 
efiTects may also be produced by 
colouring, or slightly tinting, or 
frosting the little bulbs them- 
selves. It may be used for 
drop lights or semi-portable 
lamps, the only connections re- 
quired bemg a long thin oord 
containing the two flexible lead- 
ing wires, which are attached 
at their ends to a plug which 
may be inserted into sockets in 


from oil or gas flames, it is a much better light Afferent parts of a room, and connected with the 
for houses, halls, theatres, kc., where the air mains ; the mere act of inserting this plug connects 
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the l«mp with the mAine, thus enabling the so- 
called drop light to be carried to any part of 
a room and attached to the maina By such an 
arrangement the lights may be used as miner’s 
lampsi ihua avoiding all the terrible accidents in 
mix^ due to the lighting and exploding of the 
dangerous fire-damp.” 

Other striking effects, especially beautiful on 
the theatrical stage, are shown in Mgs. 3 and 4, 
which represent little lamps behind jewels. The 
source of electricity in that case can be a small battery 
in the pocket or under the dress of a ballet dancer, 
or on a belt, as shown at a 6, Fig. 4. As these 
lamps produce what is termed a “ cold ” light, they 



may be used to great advantage by physicians or 
surgeons to inspect the inteiior of cavities in the 
body, revealing what is otherwise merely coi\jectaral 
on the part of the physician. Such a lamp may be 


inserted into wounds, or into the stomach, Us shown 
in Fig. 5, the complete apparatus being called a 
gastroscope ; by means of mirrors in the tube the 
interior of the cavities may be examined through 
the outlet of the tube. The incandescent light may 
also be used under water by divers for examining 
the hulls of ships or the lK)ttoms of rivers, or for 
night-fishing pur[x>ses. 

As these incandescent lights require very small 
currents of electricity, they are usually connected 
ill what is termed “ multiple arc,” or ** in parallel,” 
by having the two ends of the thin filaments con- 
nected with wires respectively to two large wires or 
conductoi*s, called ^^mains,” comingfromthemaohine. 
This is shown in Fig. 6, in which the two little 
circles represent conventionally the battery, machine, 
or source of electricity, and the stars represent the 



lights. In such a system of distribution it will be 
seen that the connecting wires for any one or more 
lamps may be led to different parts of a building, 
and any one or more lights may he “ cut out,” or ex- 
tinguished, without affecting the others. The mains 
may be run on poles, or laid underground in the 
street®, and may be “ tapped ” for lights anywhere 
along their source, like gas or water mains, by 
merely attaching two wires to them, and leading 
these into the house, factory, or theatre, the lamps 
being attached to these wires. 

Snch wires in a system are called “ leads ” — the 
smaller ones leading to the individual lamps being 
termed “ distributing wires,” the larger ones lead- 
ing from the' machine being the “ mains.” It will 
be seen that such a distribution is precisely similar 
to the system used in distributing water and gas, 
only that there must be a double system of wires 
— one to lead the electricity .to the lamps, and the 
other to lead it from the lamps back to the 
machine. 

As has been described before, these little lamps 
offer a great resistance to the flow of the current ; 
this being necessary to produce the heat and light 
If therefore by any accident the mains, or leading-in 
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wii*es be ^connected together directly (for instance, 
by having their insulation abraded, thus allowing 
t^m to come in contact with each other or with 
the metal fixtures or wet walls) the electricity will 
prefer to pass through this short circuit/' as it 
is termed, because it offers less resistance to its 
passage than the lamps do. This excess or leakage 
of current may then become so great that it will 
heat the wires themselves, which may set fire to the 
woodwork of a building to which the wires are 
attached. To avoid this, the leading wires and 
mains are interrupted in numerous jdaces and the 
cuds connected again by means of a short piece of 
lead wire, called a fuse/’ the little l»ox containing 
this fuse being termed a safety plug.” The object 
of this is that in case of such accidental short 
ciixjuits” the suddenly increased current in that 
injm*ed branch of the leads will immediately melt (or 
“ blow out,” as it is called) this piece of lead wire 
before it has time to heat the other wires, thus 
0[>ciiing ” the circuit of that branch, which stops 
the current. These fuses may be readily replaced 
after the fault in the circuit has been repaii-ed. 

If the machine which supplies the lights runs 
regularly, the lights will be as steady as the sunlight, 
and are therefore far superior to the flickering gas 
'or oil lamps in tlieir effect on the eyea As they 
are generally made to be sixteen-candle power, 
they are equal in brightness to an ordinary gas- 
flame, and do not present the objection often made 
to another form of electric lamp, called the “ arc- 
light,” which is complained of as ghastly and 
glaring. 

As the light is generated by heat, and as heat is 
a form of energy, it is evident that energy must l>e 
oonsumed somewhere to generate the electricity 
which produces this heat. In most forms of 
batteries zinc is burned chemically, which thus 
generates an electric cutrent, converting the energy 
of chemical affinity into electrical energy. But as 
this is in most cases too expensive a method, the 
energy is usually obtained from a steam engine; 
this drives a ** dynamo,” which is ' a machine 
for converting the mechanical energy of the steam 
engine into electrical energy, in a manner which 
has been explained in a previous article. Thus 
the energy stored up in the coal is first converted 
into heat energy in the boiler, thence into the 
energy of steam, thence into mechanical energy 
in the engine, thence into electrical eneigy in the 
dynamo, in which form it can be transmitted any 
distance through wires, and converted at the far 
back end into heat and light in the lamps. 


The amount of meohanioal energy oonsumed in 
supplying the electricity for one of these lights of 
about sixteen-candle power (equivalent to one gas^ 
lamp) is al>out two-thifds of a man power, or one- 
twelfth of a horse power, repi^senting about half as 
much work as a man does when he goes up a pair of 
stairs at the rate of one step a second. The cost of 
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incandescent lighting is generally nearly the same 
as that of gas, though it depends greatly on the 
cost of the power used to generate the electricity. 
At all events, if ordinary gas is used to drive a 
gas-engine, which in turn drives a “ dynamo ” for 
generating the electricity used for running the 
lamps, the light obtained is greater than that which 
would be obtained by burning the same amount 
of gas directly. 

Anotlier form of light is termed the *^aemi- 
incandesoent ” lamp, and is based on the principle 
that when a small pointed rod of carbon is held 
against a plate or disk of carbon, and a cutTent be 
passed through this point of contact, the carbon 
rod will thereby be heated to a white heat at the 
point of contact. The explanation of this is that 
the point where the rod touches the plate, being 
what is termed a ** poor contact,” offers great re- 
sistance to the current, and this, as in an incandes- 
cent lamp, generates great heat and therefore light 

A 
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lUft lorm of electric light h not need in practicei 
partly on account of the difficulties involved in 
automaticaUj feeding ** the carbon rod and disk 
(vdiich are gradually consumed), and partly on ac- 
count of the poor efficiency ; that is, the compara- 
tively large amount of electrical energy required 
for a given amount of light It is of interest, 
however, because such a lamp can readily be made 
and run on an emergency by any one having a 
sufficiently large battery or djnamo; all that is 
required fbr the lamp is a small rod of carbon, and 
a disk or plate of carbon — such as is used for 
battery plates, for instance. The rod of carbon 
may be cut from a battery plate. An automatic- 
ally feeding soiui-incandescent lamp and its me- 
chanism are shown in Fig. 7. The carbon plate 
is shown at h, and the long thin carbon rod m 
is held against this by the long spring, encircling 
it, which also serves to “ feed ” it upwards as it 
is consumed at the point c. The current enters at 
the right-hand lower end, passes up the wire t, 
thence through the socket b, the contact c, plate h, 
rods 8 and to the switch v, and out kt the wire. 

Another form of electric light, which is used to 
light our streets and large halls, and which is per- 
haps the best known of all electric lights, is called 
the “ arc ” light, on account of the peculiar arch 
or bridge which the electric current forms when 
it is made to pass from one to the other of two 
points of carbon slightly separated from each 



Fig. 9.*~Oarbon Points of Arc Light. 



Fig. 8.-^ Simple Arc Light. 

other. In jumping or bridging across, it generates 
a very intense heat in this very small space, and con- 
sequently gives forth a very bright and white lig^t. 
It is shown in a very simple form in Fig. 8, in wMch 
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the electricity is seen jumping or bridging over, or 
^‘arcixig/' the space between two points. These 
points areusoallythe 
ends of long ro^ of 
carbon, about ^ inch 
in diameter, which 
are made of the resi- 
due from the retorts 
in the distillation of 
coal for making illu- 
minating gas. These 
points are shown 
greatly magnified In 
Fig. 9, the space 
between them being 
the arc formed by 
the electric current 
The globules g' 
show that the heat 
is so intense that it 
melts the ashes and 
the metals which 
may be contained in 
the rods. It is, in 
fact, the most intense 
heat known, being 
capable of not only melting all metals, but of 
converting them into gases, in which form they are 
carried from one point across to the other. 

The i*eason for this intense heat, and conse- 
quently bright light, is the same as 
explained in connection with the in- 
candescent lamps. The heated gases 
between tlie points of carbon offer a 
very great electrical resistance to the 
flow of electricity, similar to the great 
mechanical resistance experienced in 
drawing a wire between two pieces 
of metal pressed together veiy tightly, 
only that the former is very much 
greater. If it is forced to pass through 
this very great resistance, it develops 
a correspondingly intense heat. This 
heat is so great that the carbons are 
consumed or burnt up gradually, like a 
candle, and must therefore be replaced 
by being “fed^^ or moved together 
as they are consumed. This requires 
either the constant presence of an 
attendant, or, as in our street-lamps, the use 
of a mechanism called a regulator, generally con- 
tained in a box at the top of the lamp. If 
this delicate mechanism does not operate regulaily 
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and steadily^ or if the carbons are not pure, the 
arc becomes longer or shorter, or travels about to 
diiTerent sides of the points, thus causing the ob* 
jectionable flickering whidi is noticed sometimes. 
If the regulator should stop feeding,’’ the distance 
whicli the electricity has to jump across, wliich is 
generally about a quarter of an inch, becomes too 
groat, and ultimately extinguishes the light. 

As the electricity will not pass over this simce 
unless ^*stai*ted,” it is necessary in lighting such 
lamps that the carbon points be fli^st brought toge> 
ther to enable the current to flow, after which they 
are separated the required distance. In an auto- 
matic lamp, this must 
be done by the regulator. 
Such a regulator is 
shown in simple fomi in 
Fig. 10. The lower car- 
bon is movable, and is 
fastened to an iron rod 
which moves through the 
middle of a coil of wire, 
through which the cur- 
rent is also made to flow. 
By the magnetic proji^rty 
of electricity, it will suck 
the iron rod down into 
the coil when the cuiTcnt 
j>a8ses through it. At first 
the ix)ints are in contact, 

Fig. 10. — Simple Form of Arc . ^ 

Light ablator. but as BOon 08 the current 

is stalled, it sucks down 
the iron and the lower car\»on, thus ** starting ” the 
arc, which lights the light. As the points burn ofiT, 
the greater resistance of the air space diminishes 
the strength of the curi’ent slightly, and as this 
cun*ent passes also through the coil it diminishes 
the downward pull which this coil exerts on the 
rod K J ; this enables the counter- weight, seen at 
the bottom of the figui'e, to raise the rod slightly, 
which diminishes the distance between the carbon 
points, or the ** length of the arc,” as it is techni- 
cally termed, until the cun*ent is again normal, 
when the downward pull of the coil will exactly 
balance the upward push of the counter- weight. 
If the I'egulator is sensitive, this motion will be 
very gradual, thus maintaining the length of the 
arc, and therefore the intensity of the light, con- 
stant ; and in doing so will “ feed ” the lower carl>on 
upwards as fast as it is consumed, until both carbons 
are burnt up. Sliould the light go out, the pull of 
the coil 8 will immediately cease, and the counter- 
weiglit will therefore raise the lower carbon until 


the two points are again in oonttiiot) and ready for 
starting the lamp again. 

There are very many diflerent kinds of regulators 
for arc lamps, but they are all the same in this 
general principle of starting the arc and feeding 
the carbons, namely, that the current is passed 
through a coil or coils, which exert a cori^sponding 
pull on a piece of iron, which in turn adjusts or 
feeds the caibons. The carbons, which are about 
twelve inches long, usually lost for one evening, 
and must therefore be replaced every day wi^ 
new ones. 

An improved form of regulator is shown in prin- 
ciple in Fig. 11. The current enters at L, and 
divides into two branches, the main part going 
thi*ough the coarse wire coil a, thence to o, to the 
upper carlK)n g, thi^ough the arc, and out at h 
to hy ; the other portion is a very small part, and 
flows only through the fine wire coil t, joining the 
other branch again at /i. This current is called a 
“ shunt ” current, because it is led around and not 
through the ai»c, by a bye-path or “ shunt.” As the 
current has the choice of these two paths, it will 
divide in proportion to the resistances offered in 
those branches, the greater part flowing through 
tliat brand) which offers the least resistance. An 
iron rod, s s^, extends through both these coils, and 
is pivoted to the lever c o Cj, which is 8upix>rted at 
0 . These two coils are so proportioned that when 



Fig. 11.— Frinclpl# of the Differential Arc Lamp. 


the lamp is burning nonnally tliey hold the iron 
bar in the position shown, tlie. upper coil sucking 
the rod up just as much as the lower one sucks it 
down ] this holds the carbons tlie proper distance 
apart. If now the carbon bums away, the length 
of the arc will become greater, thus increasing its 
resistance; this will dimmish the current in the 
main branch in which the coil a is connected, and 
will thereby send more current into the bye-path 
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Of fkvxxit in vMoh the coil t is connected The 
incxxMMied upward pull of' the coil t in the iron 
bar will therefore overpower the diminished down- 
ward pull of the coil Ey thus causing the iron to 
be drawn up, which, as will be seen, brings tlie 
carbons nearer together again, thus keeping the 
light constant, and feeding the upper carbon down 
as fast as it is consumed. This principle of regu- 
lation is in some form or other very usual in arc 
lamps ; but if the lamp is to be focus-keeping, as 
it is called — that is, if the light is to remain in the 
same spot---the work of the regulator must be so 
divided between the two carbons by some simple 
geai' of any kind, that both carbons may be moved, 
one twice as much as the other, because the posi- 
tive carbon burns away in that proportion faster 
than the other. If this be not provided for, the 
light will be slowly raised or lowered as the carbons 
bum away, though the arc may remain steady and 
constant ; and in some lamps where this would not 
'be detrimental such is the case. 

As arc lamps emit a very intense light from a 
small point, they produce very sharp and dark 
shadows, which ai*e often very objectionable. It 
also frequently has a bluish tint, thus making 
many objects look ghastly. To avoid tliis, they 
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should in such oases be enclosed in ground-glass 
or milk-glass globes, the object of which is to 
diffuse the light, and to destroy the bluish tint. 
Another, a veiy effective method, though not very 
economical, is to enclose the light and make it 
shine on a white reflector, as shown in Fig. 12. 
The light in that case, being diflhsed and quite 
white, will be in all respects like daylight, and 


will not throw the intense black shadows which 
an arc light will produce when it shines directly 
from the small luminous arc. Such lights are 
especially appropriate for large rooms or halls. 



Pig. 13. — ^JablocUkofTa Candle. 


where the direct light would be blinding and in- 
jurious to the eyes. A white ceiling may be used 
as a reflector. 

Ill order to avoid the use of the complicated 
regulator, a Russian, named Jablochkoff, invented 
the so-called ‘‘electric candle” shown in Fig. 13, 
in which the two carbons a and b are fixed side 
by side, separated by a layer of clay or plaster of 
Paris. They are joined at the top by a little piece 
of carbon, c. When the current passes, this little 
piece is soon burnt off, thus starting the arc, which 
then continues burning away the clay as the car- 
bons are consumed. Should it go out, it has to bo 
lit by hand, by connecting for an instant the two 
ends with another piece of carbon or wire. This 
form, being very simple, adapts itself for the use 
of amateurs. It cannot be burned very long, how- 
ever, with a battery or an ordinary dynamo, unless 
the current is frequently reversed in dii*ection, 
because one carbon will burn faster than the other. 
In practice it must therefore be run with what are 
called “ alternating currents,'' which are currents 
whose direction is reversed many times a second. 

One obj fiction to arc lights is, that they can- 
not be made of very small power ; they are 
generally about 600 to 2,000 candles, which is 
equivalent in brightness to al>out 30 to 125 ordinary 
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gasrflames. They exe sometimes as low as 100 
candles ; while in the form of lai^ search-lights 
for naval, military, and lighthouse purposes, they 
may even be made as great as 1,000,000 candles. 
As used in our cities, they are usually connected in 
" series,*’ as it is called, like the water-power mills 
on a small brook, the same current flowing through 
each one in succession. It is easily seen, thei^efore, 
that if the circuit is “ opened ** at any one point, all 
the lamps will go out The ordinary street arc 
lamp requires from two-thirds to one horse power 
to supply it with electricity, and represents the 
amount of work which six to eight men could do 
on a treadmill, or at turning a crank. It generally 
costs about two to three shillings for each lamp 
for one night 

The uses and advantages of this wonderful 
light are almost unlimited. It converts the dark- 
ness of our streets into daylight, increasing the 
comfort and safety of the citizens, and lessens the 
crimes and vices which are temporarily concealed 
by the darkness on public highways. Being quite 
white, it replaces daylight in large halls and in- 
closed buildings, in which the many gas-lights 
would otherwise vitiate the air with their poisonous 
products. It increases the safety of vessels, by 
enabling tliem to penetmte the darkness with 
ix)wei‘ful search-lights, or by increasing the bright- 
ness of the lighthouse lights. 

Many persons believe tliat the arc light, being 
an electric light, has electrical effects on us 
and on our eyes ; but this is only imagination. 
If the light is steady, the only objection is that it 


is blighter fkm we are accustomed to, and tibat it 
is too intense, being emitted from one small ^Kiint. 
If the light is properly diffused, as was shoim, for 
instance, in Fig. 12, or* by the use of ground Or 
white glass globes, this objection is entirely over- 
come. 

Electricity for both arc and incandescent lights 
can be generated by batteries, but as these would 
be very large and costly, besides consuming large 
quantities of zinc and acids, it would be too ex|)en- 
sive for lighting houses or citiea In practice 
electricity for these purposes is therefore geneiwted 
by what are called ** dynamos,” which a^e madunes 
driven by steam engines. These machines do not 
generate electricity by friction, as is often sup- 
posed ; they are based on the principle that when a 
wire, or a bundle of wires, is made to move very 
rapidly past a magnet, an electric current will be 
generated in it. If the magnet is very large and 
powerful, and if there are many such wires properly 
connected with each other, the current of electricity * 
will be very great. The moving wires are usually 
wound around a cylindrical mass, or a ring of 
iron, and are called the armature ; ” this is made 
to revolve rapidly between two powerful magnets, 
and the current generated is led off from the re- 
volving armature by the fixed ^‘brushes,” which 
rest on a portion of the armature called the com- 
mutator,” to which the bundles of wires are 
attached. A description of such machines will be 
found in the article entitled “ How Electricity is 
Produced.” ♦ 

• “ Science for All,” vol. i. pu 44. 


A SOAP 

By John 
Science Master, London 

A be AUTTFUL but a fragile thing is a soap 
bubble.” It is something also with which 
most of us have had to do. For in childhood, how 
many of us have spent hours and hours over this 
pretty delicately-coloimed toy, and wondered, 
perhaps, where the beauty of form and colour came 
from ; or, while passively blowing these balloons, 
enchanted by their beauty, we have, perhaps, been 
castle building,” or thinking of all sorts of things 
not in the least connected with our bubble ! 

In this paper we are to discard the notion that 
a soap bubble is a mere fleeting plaything of child- 
hood ; we are to look on it as something which can 


BUBBLE. 

A. Boweb, 

MxddU Cla9$ Sohool^ ote, 

furnish us, if we study it, with the means of 
acquiring some important science lessons. 

Sir Isaac Newton said of the soap bubble, that 
he who could blow a permanent one would confer 
a great benefit on mankind. The truth of this 
remark will be more apparent presently. 

We cannot get a permanent soap bubble, but by 
care we can get one to last some considerable time. 
The permanency will depend in a great measure on 
the “ consistency ” of the mixture from which the 
bubble is blo\m, and the care we tcdce to protect it 
from draughts. 

One general plan of making this mixttti*e wss to 

A 
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«ora|^ 6 ordmaj^ rub it up in a Htde we repeat tbat they must be kept as free as 
warm wateri till it came into a foam. It is, how- possible from draughts of air. Thus protected we 
ever, a matter of importance that we should get a may preserve the beautiful bubble as an object for 
good mixture for the purpose, as many sucoessors study. 

of Sir Isaac Newton have found. One of these We will now inquire into some of the lessons 
recipes we find given in an old scientific treatise is our bubble can teach us. This we will do by 
as follows : — Put into a common white bottle a first considering its substance, next its form, and 
quarter of a drachm of soap and two ounces of dis- lastly its properties. 

tiUed water. Gradiially heat the mixture till the soap First, then, let us examine its substance. The 

dissolves.*’ Professor Dewar, in his juvenile lectures bubble itself consists of a portion of air enclosed by a 
at the Royal Institution during the Christmastide film, which consists of soap and water. We know 
of 1676, gave the following as a good mixture: that a film of water cannot be produced sufficiently 
Soap, oz. ; water, 20 oz. ; glycerine, 15 oz. This durable for our purpose, therefore the substance of 
is very similar to Plateau’s solution, which is made the film depends equally on the soap. So that the 
of Castile soap, oz.; water, 1 pint; glycerine, bubble is a combination of the three welbkiiown 
I pint. forms of matter, the aolid, liqtdd, and gaaeous. 

We mention Plateau’s solution because the In this order we will consider them. The soap 
results due to the researches of this philosopher are is formed from a fat, and a metallic oxide,” but 
beautifiU to contemplate, and all the more so from as the chemistry of soap-making will at a future 
the fact, that being blind, he had himself only the date be considered, we may dismiss it with this 
pleasure of seeing them with the eyes of the mind, brief mention. The best bubbles for ex))eriments are 
and many of tlie expeiiments whicli we shall be made witlv the purest soap and the pui’est watei*. To 
able to introduce are from the results of his these may be added pine glyceiine. 
researches. Within this film we enclose a quantity of air. 

Either of the two latter solutions will furnish us When small bubbles ai*e blown fi*om the mouth the 
with a good material for blowing bubbles as objects aiv with which we fill them is warmer than the 
of study, and we have been thus particular in surrounding aii*, and consequently lighter, therefore 
quoting these various methods, because the film, is they rise, and it is this added to their beauty that 
all important though it be but for a bubble. gives them such a charm as toys in childhood. 

Having got the proper solution, we can use in When filled from bellows, they have not this 
the blowing either an ordinary tobacco pipe, or a property of lightness, but ai^e heavier and have a 
cleanly-cut glass tube ; then with a little practice tendency to foil rather than to rise, because, added 
we shall be able to get bubbles a considerable to the weight of the air enclosed, there is the 
size, nine or ten inches in weight of the film. Even with our toy-bubble, with 
diameter, or even bigger if its tendency to rise or fall, we get to know some- 

necessaiy. To blow very thing of the fluidity and pressure of the air. The 

large bubbles with the very fact that a bubble of warm air floats in colder 

mouth is difficult ; we may air shows the liquid property of buoyancy, for as 
therofore attach our tube soon as the bubble cools so that its temperature is 
to a pair of ordinary bel- the same as that of the surrounding air, then it 
lows, or, better still, to the falis. This air-pressure, which is the cause of any 
double-bellows used in blow- substance floating in it, and which we measure by 
pipe exi)erimen^ the barometer, is ecjual to 15 lbs. per square inch. 

’ ^ ^ support for our This we call one atmosphere, a pressure of 30 lbs. 

bubble can be made of a two atmospheres, and so on. This can be sub- 

ring of wire, bent as shown in Fig. 1, having its stontially illustrated by a rod of lead having a 

stem fastened into a block of lead. sectional area of one square inch, and 36 inches long. 

After making the ring let it be heated and for the weight of such a rod represents the weight 
dipped into a block of paraffine, or let it be smeared of one atmosphero, or 15 lbs. Different airs or 
over with this substance ; it prevents the wire from gases have different weights. This may be prettily 
cutting into the film. The bubble, supported on demonstrated by taking a vessel of any description, 
the stand, may be covered with a glass shade, and €,g,, the glass shade with which we proposed to save 
kept for a considerable time. In blowing bubbles, our bubble from harm. Put into it a tew pieces of 
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chalk. Four over them a little yinegar. A bubbling 
will be net up, and a gae set free, which we call 
carbonic acid gas. Its presence can be tested by 
putting in a lighted match, which this gas at once 
extinguishes. Fill a bubble with ordinary air, and 
let it fall into the vessel containing the carbonic 
acid. It will remain supported— apparently on 
nothing, for this air is 
invisible — as long as any 
of the gas is left (Fig 2). 

If you have any means 
at hand to fill a bubble 
with hydrogen, it will, as 
soon as I'eloased, bound 
upwards at a gi'eat rate, 
for this air is much 
lighter, and the lightest 
known. Tlieformergasis 
one and a half limes as heavy, and the latter fourteen 
and a half times lighter than common air (Vol. L, 
p. 284). 

We have next to inquire into the form of the 
bubble. It is mora or less that of a sphere, though, 
owing to the ease with which its form is changed 
and interfered with, it is never that of a j^erfect 
sphere. As it is being blown, or when it is sus- 
pended, its sha{K* is niora like that of a lemon ; as it 
rests on the surfac^e, or in the wire frame, it is moi*o 
like that of an orange. Its fonn, therefore, is 
spheroidal. Why does it take tliis shape 1 We find 
all bubbles and drops assume the globular form, 
and such is the tendency of our soap bubble. Kain- 
drops and dew-drops are spherical. In the manu- 
factura of shot, the liquid metal, as it falls from the 
various-sized sieves at the top of the tower, takes 
this same form. If a little water be dropped upon 
a greasy surface it takes the globular form ; quick- 
silver will do the same when dropped upon any 
surface that it does not wet. Why is this globular 
form so persistently taken up by all liquids 1 If we 
dip our fingers into water we find, on withdrawing 
them, that drops remain suspended, of this form. The 
drop is composed of tiny particles, of which each has 
an attractive force for the other, and this being tlie 
same for every i>ai*ticle, the forces are equal, and all 
tend to draw the particles to a central point, and as 
they Ijalance, all particles are equally distributed 
about the centre, giving the drop its globular form. 
In the case of a bubble the force is reversed, for 
the air is driven into the midst of the film, so that 
it is si)read out on all sides with an equal force, and 
every part is pushed out with an equal force fram 
the centre, and under this force the bubble will keep 


increasing in size, till the tewmty of the soap 
solution is overcome, when it will biirst. 

The force that gives form to the drop is that uni- 
versal one which we call.^*gravitation,’’ and this not 
only draws masses towards each other giving them 
form, but from this force they derive their wigJd* 

The fom of our bubble is due to the cohesion in 
the soap solution, and the combined elasticity of 
air and the solution. Cohesion, or the force with 
which one pariicle sticks to another, is perhaps 
mora easily understood in the solid than in the 
liquid. In the liquid it does not exist in a large 
degree, the great difference between th^ liquid and 
the solid being perhaps determined by the amount 
of cohesion between the jiarticles, for the particles 
of a liquid readily move about among each other — 
with such a very small amount of hindrance — while 
in the solid the ^miticles are fixed, and so cannot 
be displaced, except by the use of foim 

Directly we tliicken a liquid, as we do water by 
the addition of soap, then we increase its cohesion. 

This is noticeable in all thick liquids; oil, treacle, 
tar, are instances in which this property is apparent 
in different degrees. Such liquids form a sort of 
medium between the solid and liquid, and ara said 
to exist in a “ viscous ” state. 

When a quantity of the soap solution is taken at 
the end of the tube, previous to blowing, the mass 
is cornjmct; into this the air is blown. It gradually 
spreads out, becoming globular in form, and thinner 
in film. The very tliiimess to which it coii be 
reduced and still keep its completeness is a good 
example of its cohesion. Its elasticity is exhibited 
in bursting, by the rapidity with which the film 
fiies back into its original bulk. 

The elasticity of the confined air and film to- 
gethev form a very delicate thermoscoi)e, for it 
readily detects any alteration in temperature. The 
following experiment proves this Take a bubble 
supported on one of the stands, as in Fig. 1. Bring 
any warm object near it; it at once increases in 
size. Frequently the hands held near it are sufficient 
to increase its size considerably. To sliow the 
delicacy with which the bubble detects a lowering 
of the temperature we need only put under a shade 
one of fair size, and with it a little ether, either in 
a si>oon or small saucer. The air confined in the 
sbfi[de will have its temperature lowered so much by 
the evaporation of the ether as to diminish the 
bubble considerably in bulk. The force which the 
outer film exerts in the enclosed air is greater than 
we imagine, and is very much greater than that 
which it couid exert in any other way. 
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Tbk outside prettiure may be roughly illusiamted 
by taking one of the ordinary coloured thin bal- 
locms ao largely sold for toys. Let one of these be 
allowed to collapse) by cutting the string at the 
mouth. Then by means of a syringe re-iill the 
^ balloon with water, and let it be tied 
up. Now let the water balloon be 
fll II carefully pricked with a fine needle, 

jfj i| Tliis must be veiy carefully done, or 

] ‘I the balloon will burst altogether. A 

little jet of water will spurt upwards 
(Pig. 3), forming a pretty miniature 
fountain. This result is entirely due 
to the pressure exei^ted upon the 
enclosed liquid by the elastic force of 
BrpOTiinent the membrane forming the balloon. If 
BaUoon. a hne glass tube be inserted into the 
balloon the jet will rise still higher. 
The test of the pressure exerted by tlie film of soap 
is a little more elaborate, but none the less telling. 

Another example of the attraction that one body 
has for another of the same kind may be shown by 
putting two or three bubbles on a plate. They are 
attmctod towards each other, this force increasing 
the nearer they approach, and at last they will 
frequently collapse, forming one large bubble. 

If a bubble be pierced with a wire, the air 
escapes, and the bubble collapses, but if a thread 
of unsinm silk be woven in, as it were, with the 
film, and even puncture it, the thread floats in it 

without break- 
ing it. With 

0 our soap solu- 

^ ^ ^ tion we can 

1 — 1 obtain 

j i j very beautiful 

Gt 1 ? geometrical 

y V' J ^ 

k : □□ I bubbles. If 

— * we make for 

Fig. 4.— Soap Solution Bxperimoutii with , 

Wire Frames. ourselves some 

wirli frames of 

aluminium, as shown in Fig. 4, we can obtain some 
interesting figures. By carefully using (c) one of 
them with our bubble, we can draw it into a 

cylinder form, The dark lines represent the frames, 
and the dotted those of the film. ' 

With the frames a and 6, in Fig. 4, we shall have 
films taken up by them on dipping them into the 
soap Motion ; and by pricking some of the outer 
surfaces other forms are frequently produced. 

In addition to the cohesive force at work in the 
formation of a bubble, we must not foiget anotlier 


0 


Fig. 4.— Soap Solution Bxperimoutii with 
Wire Frames. 


very important force, and that is the attraction 
which t^es place between a solid and a liquid 
when the former is wetted by the latter. 

This can be readily illustrated by taking a fine 

glass tube, and dipping it into a small poHion of 

quicksilver, as in Fig. 5, a. The liquid does not 

rise in the tube at all, but is seen to stand l)elow 

the level of that in the outer vessel. The liquid is 

repelled by the gloss, 

and therefore does not 

wet it Now insert 

the glass tube in a 

little water, and it 

I'ises quickly in the Fig. S.—Attrootlou Experiment with 
. , J J. 1 X GlfliiB Tube and (tt)moreury, and 

tube, and stands at a with Gla«s Tube and (b) Water. 

much higher level than 

that in tlie vessel outside the tulie, as in Fig. 5, 6. 
Tlie finer the boi*e of the tube employed, the higher 
will be the point to which the liquid will rise. If 
a series of tubes of different sizes be taken in this 
experiment, the liquid will rise to a different height 
in each, and highest in that of the finest bore, A 
still better way to illustrate this force is to take a 
pair of glass plates of three or 
four inches square; put them face 
to face, let one edge of each piece 
be held tightly, with an elastic 
strap, for example, while the 
other edges are kept slightly 
apoi't by a wedge of wood, as in Pig. 6. -Attraction Ex. 
Fig. 6, Now let these plates be SSw Wates!*^ 
placed in a little coloured water, 
the liquid will rise above the level of that in the 
vessel, and will stand highest at the edges where 
they touch, so that a beautiful curve will be formed. 
The illustrious Faraday had a pretty exj^eriment, 
which he showed in his first Christmas counse of 
lectures to a juvenile audience at the Royal Institiv- 
tion, which well 
illustrated this 
fprce. He took 
a bar of salt, 
neatly cut with 
a square base> 
and set it up- 
right in a dish 
(Fig. 7), into 

wliicll he poured Fig. 7.'-Faraday’s Experinicbt< iUnstmting 
coloured liquid. Xttwotion. 

The liquid rapidly rose in the pillar of salt, whicl 
after a time fell over in consequence of the base 
being dissolved away. This force we call oajnl- 
lary attraction^ and it is at work not only in the 
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supply of moisture to the growing plant, but in 
tbe wicks of our lamps and candles. We have 
known this force to demonstrate for itself when 
not required to do so. A friend of the writer’s, 
after washing his hands, hastily threw down the 
towel on to the wash-tabla A comer of it found its 
way into the water, which gradually spread itself 
upwards from the comer, wetting the whole towel, 
and thus transferred, quietly but surely, every drop 
of water from the basin to the floor. By combining 
fibm of silk with tliewire fiumes we can, by means 
of the capillary attraction — ^which induces the liquid 
to run even more readily along the silk than along 
the metal — get with the soap solution a still laiger 
variety of veiy interesting and beaiitiful fomis, 
which we can vary as our fancy may dictate. 

We must now deal with its properties; These are 
principally dej^endent on its extreme thinness. Tlie 
beautiful variety of colour is owing to the varying 
thickness of the film ; and here again we must 
refer to experiments of Sir Isaac Newton. Wlien 
the bubble is fii*st blown it is colourless, but os it 
spreads itself out its walls become thinner and 
thinner ; various tints api)ear, till in a black spot it 
reaches its extreme thinness ; then, if the blowing 
be continued, it buinsts. All thin films reflect 
colours, as may be readily seen by pouring oil or 
turpentine into water, and even by enclosing a 
film of air between two diy plates of glass. 

The colours in a bubble will be of a more brilliant 
variety when more glycerine is added to the solu- 
tion ; in fact they then become perfectly gorgeous, 
and even the black spot does not appear. 

Sir Isaac Newton succeeded in measuring the 
thickness of the film by the colour. He took a 
plano-convex lens (a, b), as in Fig. 8, on the curved 

surface of which he laid 
o a plate of glass (c, d) ; 
^ thus he obtained a film 

Fit. 8.— Newton's Plan for Meosor- ^ gradually in- 

^ the Thickness of a Film of creasing depth. On 

looking at this film by 
a monochromatic ” light, either directly through it 
or by reflection, he found that a number of bright 
ruigs surrounded the place of contact between the 
two glasses, and between each of these bright rings 
was a dark one, and that these rings were closer 
togetlier as they were farther from the point where 
the two glasses touched. When red light was 
employed, these rings had certain diameters, when 
blue light was employed the rings were less in 
diameter, and so on with the other tints. The 
effect is very pretty when the glasses aie passed 



through the spectrum from the red to the bloe^ for 
then the rings contract ; while, whoi passage 
is reversed, the rings expand. When white light 
passes through the glasses iris-coloured rings appear. 
Thus we get 
what is known 
as Newton’s 
rings (Fig. 9). 

Newton com- 
pared the tints 
of the bubble- j 
film in the same | 
way, detecting 
the thicknesses 
of each jyart 
of the film by 
the colour. By 
this means he 
arrived at the 
fact that the colourless, or black spot, was not more 
than a millionth part of an inch in thickness. How 
small must be the depth of water at this spot, and 
how much smaller still the particle of soap which 
it holds in solution ! 



Fig. Q.^Newton's Bingi. 


From Newton’s “ Optics” we select a few of the 
thicknesses of the air-film to produce the accom- 
panying colours, these being produced by reflected 
light. 


Sky-blue 

Of an inch. 

* • • 

Orange red 


Geranium red . 

YznrSijrTO 

Violet , 

TTnsttnnr 

Sea-green 

TUpVegd 

Purple , 

• ' TUtWtnnr 

Pale yellow . 

* • • TO ifcTo 5 6 

Lemon yellow 

• • • 

Greenish blue 

TjrMnnF 

Pale rose red . 

• • » TCoV'eeb 


The colours of the bubble change as its thick* 
nesses vary by evaporation. As it is suspended in 
the air, watch it, and you will find that it does so. 

Any film, we have said, will pilcduce these same 
colours, and these colours will change with the 
alteration in the thickness of the film. Take a 
quantity of spirits of turpentine ; pour some of it 
on a pond or river ; a variety of colours start from 
the central spot. Let it be followed by a second 
quantity ; the series of colour is at once changed, 
and every ring, as it recedes from the centre, takes 
up a different colour. A film of air between two 
plates of glass will change its colour according to 
the tightness with which the plates are s^eesed 
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together. A piece of talc, wbioli looks nearly 
transparent and colourless when of the thickness 
of ordinary window-glass, if split up into very 
thin plates, assumes all the colours of other hints, 
varying with the thickness. 

We have it on record that Boyle, the eminent 
natuiul philosopher, some sixteen or eighteen years 
before Newton, obtained these films with pitch, 
rosin, turpentine, solution of guui, glutinous 
liquors, spirits of wine, oil of tiupentine, glair of 
snails, <fea 

Now why has the bubble coloiu- at all ? We 
know that light gives colour to all natural 
objects, and the bubble is coloured in the saiiu' 
way. But with our bubble the case is somewlmt 
difiereiit. The rays strike the outer surface of the 
film, which reflects a portion of the light ; a por- 
tion passes into the film and is refracteil. As tlie 
refracted rays and reflected rays are not quite 
coincident, the varied col(/:rs therefore are due to 
what is called interference of light. As this varies 
with every altered thickness of the film, the bubble 
takes up the ever- varying series of bright and deli- 
cate tints. We have the images of vaiious sur- 
rounding objects reflected on its surface, as wi ll as 
tlie variety of colour. 


us trace, if we can, how this curveil, beauti- 
ful bubble disposes of the light. Suppose we have 
one suspended in sunlight. The various beams < f 
light strike on its outer surface ; port of it is at once 
I’eflected, but a large? portion goes through the liliii 
and travels on till it strikes the inner surfat^e of 
the opposite side. Here a second reflection tak( s 
place, and a large portion of the light that struck 
its first surface passes thro\igh it altogether. As 
the varying thicknesses of the film alter the rate at 
which light travels through it, so it will alter the 
iiitf‘rval at which one set of waves will follow upon 
another. 

The wliitt* light is composed of seven colours, 
with which we are familiar in the rainV)o\v, and it 
is the manner in which these various colours are 
disposed that determines what colour tlit? object 
shall pi'esent to the eye. 

Having thus briefly discussed the natural la^^ s 
that determine the form and beauty of a soap- 
bubble, we have a key to a much wider fieU*, 
which is constantly prescuiting itself to ns in the 
ordinary routine of daily life. It is the famili- 
arity with common things that robs them of much 
of that thought that we might otherwise l)estow 
upon them. 


A BUTTERFLY. 

By Authi h (t. Bitleb, KL.S., F./.S., 

Ktepvtr of thv ZoQ'oijiml DciurtmeHf, lirituh iJnseum. 


T he life of a butterfly is a continued series of 
changes, from the time when it leaves the egg 
until it arrives at its perfect condition, not merely 
in the gradual acquisition of new organs, but in the 
shedding of the larval, or catei*i)illar skins, at in- 
tervals before it attains its full growth. In most 
moths and butterflies these changes of skin ai’e said 
to occur about five times, but in some (Species this 
number is known to double itself. 

The eggs of butterflies vary considerably both in 
form and sculpture, being in some species more or 
less pear-shaped, in otliers spherical, cylindrical, or 
barrel-shaped, with concentinc, longitudinal, or 
netted lines and ridges ; the ai)ex being frequently 
more or less depressed. Wlien first deposited upon 
the food-plant they are usually of a pale yellow 
colour, which gradually deepens as the young 
caterpillar is developed witjiin, so that just before 
hatching they are of a dark purplish or blackish tint. 
105 


Almost immediatfly aftei* exclasion th<j cuUt- 
pillar attacks its fixal, generally beginning iq>ou 
the empty shell from whicli it has emeiged. Its size 
at this time is very small, the common silkworm 
being then, acconling to C'Ount Dandolo, scarcely 
a line in length, and weighing not mon? than the 
hundredth of a gmin ; whereas, at tJie end of thirty 
days, when it has attaine<l its full size, its average 
weight is about iiiiiety fiYe gmins, and its length 
occasionally forty lines, so that its weight in the 
course of tliis time has inci'eased nine thousand five 
huudml-fold. 

The body of a caterpillar is com|>oseil of tlni’teen 
distinct segments or rings, the fii*st of whicli eon- 
stitute« the head. It is strong and horny, furuished 
with a complete mouth and powerful jaws. Tlie 
antennae are extremely minute, and the eyes are 
I’epresented by a small group of ocelli [daoed on 
each side ; the lahium is furnished with u short 
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tubular pi^tubemnce, into which the silk glands 
open: these consist of two elongated, fiexuous, 
thick'Walled sacs, situated at the sides. 

The second, third, and fourth seguwmts * repre- 
sent the thorax of the future butterfly, wliile tlie 
others form the alnlomen. The thoracic sc^gmeuts ant 
provided with short curved legs, the rudiments of the 
future limbs ; and tlie seventh to the tenth with 
pairs of false or abdominal legs, consisting of pro- 
cesses from the exterior covering of the insect, 
furnished externally with developments of the 
cuticle, in the form of hardened spines or hooks. 
The fonn of these feet usually resembles an inverted 
cone, with its apex truncated to form a flat sole, 
upon which the caterpillar walks. This sole can, 
when necessary, bo renderetl concave in the middh^, 
and the minute hooks round its margin, when the 
foot is pressed uj)on a convex surface in walking, 
are necessarily directed inwards, and thus secure a 
firm attachment (Fig. 1). A still stronger hold is 
attained by a pair of somewhat similar feet, or 
clas[>ers, ujk)!! the anal segiu(3nt. 

The muscles of the larva are extnMuely uniform 
in theii* size and distribution in t'ach segment, tin? 


principal differenccjs )je tween them existing in the 
first four segments, com]K)sing the head and thorax 
of the i^erfect insect. In the head, for instance, 
there is necessarily a greater number of muscles 
than in the other segments, owing to the number of 
organs requiring them ; but the form and [>ositioii 
of these muscles differ from those of the other 
segments. The muscles of the mandibles are large, 
and occupy the greater jmrt of the side and hinder 
region of the head ; the extensor muscles Ijeing 
attached to the side and hinder surface of the 
cavity, like the extensor muscles of the legs in the 
chest segments, and the flexor more internally to 
parts corresponding with the lamiim squama^cB in 
the head of the imago, or perfect insect (New|>ort). 

* Strictly ipealting, alto part of the fifth iagmeiit. 


The muscles of the thi’ee ♦♦thoracic” or chest- 
segments are more numerous and complex than 
tliose of the abdomen, or belly, -because the true 
organs of locomotion belong to these segments, as 
well as the rudiments of the muscles for the future 
wrings. Those muscles which form distinct layers, 
or act in concert with each other, are inserted into 
slightly raised ridges of the tegument. Thi’ee of them?- 
ridges are situated between two abdominal segments, 
from the middle or largest of which the longitudinal 
muscles originate, while the oblique muscles start 
from the tw’o others. 

llie nervous system is representfd by two longi- 
tudinal coixls extending along the centre line of the 
under surface, and iK)88e8sing in tht) more advanced 
stages of growth a series of ganglia, or knots, 
corresponding with the segments in which they are 
placecl, the pail* situated in the IumuI representing 
the l»rain of higher animals. 

The development of the brain and nervous eortl 
alters remarkably in diameter during the metamor- 
phoses. Those changes have been studied most 
earefully by NewY)Oi*t and Herold in the case of 
PkrU and Vamsm. In the imago, or perfect con- 
dition, the ventral (or 
under) cord consisia 
of seven ganglia,, 
while in the larva 
iluat? are eleven. 
Tliis deer<‘ase in their 
nnmb(*r is <bie to tin? 
coalesecnet*, during 
the pupal condition,, 
of the first, second, 
iliird, and fourth 
ganglia of the larva, 
(‘xclusive of thorns 
which are situat/txl in tlie front part of the head ; 
these form the two thomcic gangliji, which dis- 
tnbute nerves to the legs and tlie muscles of tin? 
wings. The fifbli and sixth ganglia of the larva 
have, in the meantime, either entirely disappeared 
or l^een united with the others (Figs. 2, 3, 
and 4). 

The alimentaiy canal commences with a some- 
what elongated ♦♦ oesophagus ” (gullet) opening 
into the stomach; the ♦♦iliiun” (small intestine) 
is long, and frequently forms several convolutions ; 
the “ colon ” (or lai^e intestine) is often dilated into 
a Qseoum *' (pouch) in front. The salivary glands 
consist of t(WO laige and simple tubes extending 
into the abdomen. The breathing system is well 
developed : the stigmata are wanting on the second 
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aad tliird thoi^o (chest) and the last abdominal 
-^belly) segf^ents. 

B^ore changing to the chrysalis, pupa, or second 
«tage, thelarvieof butterflies become uneasy, leave off’ 



2.— Metiunorplio$^ of tbe NerTOuM System of Va}«;««a V 

<1 1 NrrvouH Hygtfin of full-grown TArva; (2) Half-nii-lumr iK'foro cliaiigiiig ; 
(.'0 Itriniediatcly nftor rlianglng iniu a Piiiia ur Uhrygniis; (4) One hour 
nffrr changing. (A/ter Niswpifrt.j 

feeding, and wander al)Out seeking a place in which 
to secure themselves in anticipation of the event, 
^'he disinclination for food is often appaivnt a day 
or two l)efore the metamorjihosis takes place ; but 
some si)ecies continue to eat u|) to within a few 
hours of pupition. This crowning event in the 
life of the caterpillar may be best illustrated by 
quoting Mr. Charles V. Riley^s admirable descrip- 
tion* of the j>upation of the North American 
Butterfly, Anoaia plextpptcs (Linn.), 

** As soon as the larva is full grown it spins a 
little tuft of silk to the under side of whatever 
object it may bo resting upon, and after entangling 
the hooks of its hind legs in this silk it lets go the 

* "Tliird Annual Report of tho Noxious, Beneficial, and other 
Insooti of tlie State of Missouri,’* pp. 147-8. See also Butler 
mjourualp WeHlngtnn PhiL 1878, pp. 2C7-8. 


hold of its other legs and hangs down, with the 
head and anterior joints of the body curved. In 
this position it hangs for about twenty-four hours, 
during which the fluids of the body naturally gravi- 
tate towards the upturned joints, until the latter 
l)eoome so swollen that at last, by a little eflbrt on 
the part of the larva, the skin bursts along tbe 
back behind the head. Throtigh the rent thus 
made tbe anterior portion of the pupa is protruded, 
and by constant stretching and contracting the 
larval skin is slipped and crowded backwai*ds, until 
there is but a small shnvelled mass gathered around 
the tail. Now comes the critical period — the cul 
minating point. The soft and supple chiysalis, yet 
showing the elongate larval form with distinct traces 
of its pro-legs, hangs heavily from the shrunken 
skin. From this skin it is to be extricated and 
flitnly attached to the silk outside. It has neither 
legs nor arms, and we should suppose that it would 
inevitably fall while endeavouring to accomplish 
this object. But the task is performed with the 
utmost surety, though appearing so perilous to ua 
The supple and contractile joints of the abdomen 
are made to subserve the purj^ose of legs, and by 




! ig, a— MetamorplKNieg of the Nervotu Syitem of Vemaa Vrlica 


(f.) Twt*Ivt» hour* aft«r obanffiug: (fl) Klghtoen hour* after cbaiigtog: (T> 
Twonty-fotir hour* after cuanging ; (8) Tblrty-*U boura after cuaagiug 
(After SirwiKtrU) 


suddenly grasping the shrunken larval skin between 
the folds of two of these joints, as with a pair of 
]>inoers, the chrysalis disengages the tip of its body 
and hangs for a moment suspended. Then with a 
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fow earnest, vigorous, jw*kiiig movements it suc- 
ceeds in sticking tbe horny })oint of its tail into the 
silk, and firmly fastening it by means of a itusp of 
minute claws with which tliat |K>iiit is furnished. 



Fig. i.>->VeUiiiorplioM8 of the Nervene Systein of Fon i Vxiica, 

tirt Aft<*r rhan^nfr; (HV) Pifry-cfjrht houni after cbAngiiiff 
ly luagnifled than in riga. S an<l flg. {Afltt Ntw^ori.) 


Sometimes severe effort is needed before the ix)int 
is pro|K3rly fastened, and the chrysalis fiiKiuently 
has to climb by stretching the two joints above 
those by which it is snK|)ended, and clinging liold 
of the shrivelled skin farther up. Tlie moment 
Die point is fastened the chrysalis commences, 
by a series of violent jin-kings and whirlings, to 
dislodge the larval skin, after which it rests from 
its efforts and gradually contracts and hardens. 
The really active work lasts but a few minutes, 
and the insect rarely fails to go through with it 
successfully. The chrysalis is a beautiful object, 
and as it hangs pendent from some old fence-board 
or from the under shh^ of an Aaclepias leaf it 
reminds one of some large ear-drop; but though 
tlio jeweller could succeasfully imitate the form, he 


might well despair of ever producing the clear pale- 
gi-een and the ivory-black and golden marks which 
so characterise it. This chrysalis state lasts but a 
short time, as is the ease with all those which are 
known to suspend themselves nakedly by Die tail. 
At the end of about the tenth day the dark colours 
of the future butterfly begin to show through the 
delicate and transparent skin, and suddenly this 
skin bursts ojjen near the head, and the new-born 
butterfly gradually extricates itself, and, sti*etching 
foi-th its legs, and ckmbeiing on to some sunounding 
object, allows its moist, thickened, and contracted 
wings to hang listlessly from the body ^ (Figs. 6, 7). 

We now come to the imago, or perfect state; and 
befoi-e proceeding fai-ther it is advisable to ask and 
answer the oft-rei>eated question : — How may a 
butterfly be distinguished from a moth 1 ’’ 

To answer this question satisfactorily one might 
search in vain thiough the text-books of science. 
The answera given are plausible enough, but ai-e 
contradicted by the subsequent statements of the 
very auDiors who advance them. A careful study 
of the whole of the Lepidoptera, indigenous and 
foieign, will be sufficient to convince any candid 
student that the division into butterflies and 
moDis is an arbitrary one, having no existence in 
Natum 

Tlie fact that in Die early days of science the 
Lepidoptera — that is, the moth and butterfly order 
of insects — wei-e separated into two groujis by Die 
form of the antennee, or “horns” — those with clubbed 
hoi-ns being called Bho))alocera, and those with 
other kinds of horns Heterocera — has been sufficient 
reason to induce over-conservative naturalists to 
squander valuable time in seeking for other dif- 
ferences wlierewith to strengthen the widespi'ead 
lielief in this unnatural division, but up to the 
pi^sent time no chaiucter without an exception has 
been brought to light. 

As the fallacy respecting the antennal diffei-ences 
is the most widespread and the most boldly asserted, 
oven by the best modem teachers, I shall not here 
tax the {mUence of my readers by disproving the 
correctness of all, but shall confine myself strictly 
to this one point 

In order to do this I will first quote a few 
passages from one of the most fi-equently consulted 
of modem works, showing their contradictory 
character ; and then 1 will proceed to adduce fresh 
evidence, obtained by a personal study of the order. 
Di’. Packard,^ in his well-known “Guide to the Study 
of Insects,” makes Die following orthodox state- 
ments : — “ Butterflies are easily distinguislied from 



A BUTTERFLY. 


69 


the oUier groupe by their knobbed antenuaB. In 
the Sphinges and their allies the feelers are thickened 
in the middle ; in the moths they are filiform, and 
often pectinated like feathers.”* 

^*The butterflies, or diurnal Lepidoptera, are at 
once distinguished from the moths by their knobbed 
antennsB, though they are sometimes neaidy fili> 
form.”t 

** The Hesperiaus, or Skipper's, are a large group 
of small dun-ooloured butterflies, whose antenna 
have the knob curved like a hook, or ending in a 
little point bent to one side, i*e minding us of the 
antenna of the Sphinges.”:!: 

“ Zygcmiidoi (Latreille). — ^This interesting group 
connects the diurnal wiUi the nocturnal Lepido{)> 
tera. Some of the forms (Oastnia) remind us 
strikingly of the butterflies. The gi’oup may be 
recognised by the rather large froe head and the 
simple antemio, which aro slightly swollen in the 
middle, or [laHially clavate, as in Zygfiena.”§ 

So far Dr. Packaid ; but it will be easy to 
sliow that a closer investigation will entirely set 
aside the antennal cliaiiictor. However, not to 
multiply instances unnecessarily, we will simply 
ask the 1 ‘eader to couiparo with us the following 
genera, and judge for himself (Fig. 5). 

The most satisfactory instance of a decidedly 
knobbed antenna among tlie moths ocotu’h in the 



Fig. Antennas of Bntterfliee (a, c, e, q). and of Hotha (b, d. f. u), 

family S})hingidce and has roceived the name of 
Rho])alopHycJis (Fig. 6, b). This genus, in the form 
of its feelers, so perfectly agrees with the butterflies 
of the genus Pamphila (Fig. 5, a) that it alone 
would be sufficient to set aside the distinction be- 
tween the Rhopalooera and Heterocer'a ; but in the 
next place, if we take the genera Zetfiera (Fig. 5, 
r) and Mothia (Fig. 5, p), the butterfly has no 

* Page 241. t Page 244 

1 Page 289. S 1'*^^^ 279. 


perceptible club, whilst the moth shows a trace of 
one. If we take Plastingia (Fig. Q, o) and Cocytia 
(Fig. 5, d) we again find the moth more Hhopalo- 
cerous than the butterfly ; finally, in the Heterocerous 
genus Symitwn all the s|iecies have distinctly 
clubbed antenna, in which the clavus is more 
abruptly formed even than in Cydopides or in 
most of the B|)eoies of PanqdiUa, || 

The only instance known of a butterfly exhibiting 
a tendency to pectination (like the teeth of a comb) 
in the horns occurs in the genus Barbicornia (Fig. 
5, g) of the family PrycinidcB, The species of this 
group have thickened moniliform (bead-like) an- 
tenna, from the joints of which, by the help of a good 
lens, one can distinctly see little bristles pix>j6cting. 

As it must be admitted that the separation of 
the order into butterflies and moths is a convenience 
to collectors, there is not the slightest reason why 
this arbitrary division should not be maintained in 
the cabinet ; but in order to do this satisfactorily 
the collector must study the characters of the 
families until his eye becomes accustomed to their 
peculiarities, or he will be certain to make mistakes. 
The butterflies constitute the first five families of 
the Lepidoptera, and as no two families can la 
identical in structure and habits, it will only be 
necessary for the student to undciBiand the pecu- 


Pig.C,--LarT80 and Pup® (Chrjrsalides) of ran«Ma Utiioot. 

Three Ktagitt «f CliryMllR Ucvrloimiont. ( a. vo The Larva*tkin ffrndaalli 
; d’) iVitrct ChrycallH. 

liarities of these five large groups to enable him 
to discriminate latweeu butterflies and moths. 

The following classification of the so-called 
Rhoi)alocera is that proposed by Mr. H. W. Bates, 
and now almost universally adopted by lepidop- 
terists. 

Family 1. Nymphalid^. — Fi-ont legs imperfect in 

II Rkopalodes amongst tho Qeometrites ii another notable 
iuBtanoc. 
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both sexes, in tlie female wanting the tarsal claws ; 
in the male the fore tarsi (juito rudimentary, 
consisting of one or two spineless joints. Pupa 
suspended freely by the tail. 

rt. Lower disco-cellular nervule of the hind wing 
I)erfect. 

Sub* family 1. /Jaiuiitue . — Larvie smooth, with 
fleshy processes. Fore-wing sub-median nervure of 
the imago double at its origin. (This sub-family 
includes the greater |>art of the JMlconid(e of 
authoi*s. ) 

Sub-family 2. Satyrinm , — Larvai with bifid tails, 
spineless. Palpi of the imago generally compressed 
and fringed with long hair-scales. 

Sub-family 3. Brassolinm . — Larvie generally with 
bifid tails, spineless. Hind wing of the imago 
furnished with a pre-discoidal cell. 

Sub-family 4. Acj'ffiinm — Larvie studded with 
branched spines. Palpi of the imago thick and 
scantily clothed w'ith hair. 

Sub family 5. lleliwnince. — Larvie studded with 
bi-anched spines. Palpi of the imago clothed with 
tine scales, and hairy in front. 

b. Lower disco-cellular nervule, at least of the 
hind wing, more or less atrophied. 

Sub-family 6. NymphalimK, 

Family 2. Erycinid-*:. — S ix perfect h»gs in 
female ; four in male ; the ant<n*ior tarsi consisting 
only of one or two joints and 
spineh*8s. 

Sub-family 1. Lilrythfiinm, 
— Pupa susjwnded freely by 
the tail. 

Sub-family 2. Stalachtin<B. 
— Pupa secured ngidly by the 
tail in an inclined position 
without giixlle. 

Sub-family 3. Krycininm. 
— Piiirri recumbent on a leaf or 
othcT object, and secured by 
the tail and a girdle across 
the middle. ^ 

Family Z, Lyc^SNiD.f:. — Six 
l^rfect legs in female; four in 
male ; the anterior tarsi want- 
ing one or both of the tarsal 
claws, but densely spined 
lieneath. Pupa secured by the 
tail and a girdle across the 
middle. 

FamUy 4. Papilionid.«. 
— Six perfect legs in both sexes. Pupa secured by 
the tail and a girdle across the middle. (The true 


Papiliom$ have a leaf-like ap[>endage to the fore 
tibisB — a character which approximates the fiimily 
to the Ilesperidm and moths.) 

Sub-family 1. PwriTice . — Abdominal margin of 
the hind wing not curved inwards. 

Sub-family 2. Papilioninct -^ Vlxlominal xnargin 
of the hind wing curving in wards. 

Family 5. Hespbrip.is. — Six perfect legs in 
both sexes; hind tibiae, with few exceptions, 
having two pairs of spurs. Pupa secured by 
many threads, or enclosed in a slight cocoon. 

In oi*der thoroughly to comprehend the above 
classification, it is of course necessary to study the 
external structure of a butterfly, jiai-ticularly the 
veining of the wings, which is used moi'o than any 
other character in the definition of sub-families 
and genera. 

The body of a bditterfly is divided into three well 
markeil regions — the head, thorax, and abdomen. 
The head is compai*ati\ ely small, and the mouth 
|)arts greatly sj)eciali8ed so as to serve exclusively 
for suctorial jmrjwses. The mandibles, prominent 
in most oixlei’s of insects, are here reduced to the 
merest rudiments, and arc hidden under the haire 
which clothe the front of the head. Between them 
there is a rudimentary labnun, or upper lip, and 
below the latter the proWscis, or sucking-tube, 
formed of the maxillae. Each maxilla is composed 
of an immense number of short, transverse, muscular 
rings, convex on the outer surface, but concave on 
the inner; and the tube is produced by the approxi- 
mation of the two organs. When not in use they 
are coiled up in tlie fomi of a watch-spring between 
the labial palpi. In some species the extremity of 
each maxilla is furnished along its anterior (front) 
and lateixil (side) margin with numerous little 
papillie, or prominences. In Vammi atahinta they 
ai'e little, elongated, bell-shaj^ed iKxlies. These 
pa}nllie are su])p>sed by some a.utlioi*s to be organs 
of taste. 

Tlie labial palpi in butterflies are usually of 
moderate size ; in some genera, such as TAhythm^ 
being well developed ; in the sub-family Papilio- 
nincby on the other hand, they ai*e quite small, and 
do not extend to the front of the head. They con- 
sist generally of three joints, of which the terminal 
one is most frequently small and pointed; very 
often they are re-curved in front of the head. 

If we remove the scales from the head of a 
butterfly, we shall see that it consists of three 
principal pacts — the clypeus, or front of the head ; 
the cpicranium, lying liehind the insertion of the 
antennae, and bearing the ocelli and eyes ; and the 
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occiput, or basal part lying behind the ocelli Tlie 
clypeus is larger in the Lepidoptera than in any 
other oi’der of insects. The eyes are very large 
and compound, having numerous facets, each facet 
being the proper cornea of a distinct eye and per- 
fectly transparent; it is convex both on its external 
and internal siiiface, like a lens. Immediately 
behind each facet is a layer of dark pigment, 
which covers the whole of the inner surface, 
excepting in the centre^ where tliero is a minute 
aperture to admit the rays of light. Betweeit this 
pigment (which represents the iris) and the end of 
the cornea is a sptice filled with watery moisture, 
and bel^ind the iris of each cornea is a little conical 
ti*ansj)areut body, with its apex directed towards 
the axis of the eye. This body, which is filled with 
vitreous fluid, receives tlxe mys of light admitted 
tlirough the cornea, and directs them upon tlie 
retina, or tennination of the nerve. In addition 
to these complicated eyes, many Le[»idoptem also 
possess a jiair of ocelli, but usually concealed 
amongst the thick hairs which clothe the head. 

Of the form of the antennae, or “ horns,” I hav(} 
already spoken ; their function has been a sulyect 
for dispute amongst natunUists, some asserting that 
they are organs of feeling, othci*s of smelling, and 
othera, again, of hearing. The exi)eriments of Dr. 
Clemens with some of the larger North American 
Bombifcea have pi’oved that they assist in some 
way in guiding the flight of these insects ; it is, 
however, quite jxossible that organs which vary so 
much in structure that they are constantly made 
use of in the discrimination of genera may have 
difierent functions, in accordance with the reepdre- 
ments of tlie various groujis. 

Tlie thoracic segments form a comjiact ovate or 
roundish mass, genomlly well covered with rather 
long hair. The prothoracic ring is exceedingly small, 
the mesothorax, on the contrary, being enormously 
developeil. The scutum is large, broadest behind the 
middle, and notched for the reception of the trian- 
gular scutellum, which is about one-fourth the size 
of the scutum. The metathorax is transverse and 
much compressed ; it is little more than half the 
width of the mesothoi-ax. 

The abdomen is generally more or less oval in 
form, the number of segments varying from eight 
to nine. Tlie genital armour of the males varies 
greatly in different genera, and is frequently used 
in oharacterising allied groups of species. 

The wings are four in numlier, the anterior pair 
being most fi’equently of a triangular form, and the 
posterior pair pearnihaped, or sub-quadrate ; but 


numerous and most extraordinaiy exceptions to 
this pattern occur. Their beautiful colouring is 
produced by multitudinous scales of various orna 
mental shapes, arranged in overlapping series, much 
after the pattern of Swiss tilea These scales 
are inserted by means of a pedicle and bulb 
into little punctures in the membrane of the wuijj 
(p. 42). This membrane, which is either colour- 
less or of a hom-liko hue, is composed of chitino 
(a substance consisting, according to Mr. Children, 



Fig. 8.— Skeleton of Batterfly’s Wing. 

(Ml I— wiS) Median BmncJieii; (rl—ri) SadinU: Hranebo; 

(E> Internal Vein; [dc) Dlaco-eellulur vcinlcta; {in) Itileriui'mediun 
Velulei. 

of a combination of carbon, bydi-ogen, nitrogen, and 
oxygen). The scales are merely modifications of 
hair or bristles, os may be seen by studying the 
wing of Callitcera or other imrtially transpaixmt 
genera under the nucroBCO|)0, when numerous bristles, 
or bail’s, will be seen mixing with the scales, some 
of the latter, more-over, being imperfectly developeil. 

The surface of the wing is divided by five prin- 
cipal veins, with their branches, the vein nearest to 
the anterior margin being the costal vein (Fig. 8, a), 
which is usually simple, and joins the margin near 
its outer third. The second vein is called the sub- 
costal (F’ig. 8, b); it is always branched, the number 
of branches, or “ nervulcs,” seldom exceeding five, 
and reckoning forwai’ds from the base of the wing 
towards the apex. In the posterior wings these 
nervulos vary from two to throe in number, the third 
being produced by a displacement of the radial or 
discoidal vein. The radials are simple, and usually 
start from the cress-veinlets, which^ in most genera. 
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nriite the subcostal vein to the median, and ai-e 
c;dled the difjoo-cellulars ; but in some instances the 
two radials of the anterior wiiigs or tlie single 
radial of the posterior wing ai*e abnomuiUy situated, 
the upper radial being emitted as a branch of the sub- 
costal, and the lower radial as a fouiiih branch of tlie 
median. The median vein (Fig. 8, c) is placed almost 
in the central longitudinal line, and normally emits 
three nervulea, which ai^c reckoned in the order of 
their emission — that is, from the ba»se towards the 
outer margin. The sub-median vein (Fig. 8, d) is 
usually simple, but in PapUio that of the anterior 
wings is united by a spur, or cross-vein {in) with 
the base of the median. The internal vein is a 
short nervure, seldom seen in the anterior wings, 
and placed next to the inner or abdominal margin. 
The discoidal cell is the area enclosed between the 
sub-costal and median veins, and usually shut in 
by the disco-cellular vein lets. 

In describing the wing of a butterfly it is con- 
venient to divide it into regions or interspaces, 
named after the veins which enclose them. The 
wing, then, will be divided as follows : — Costal 
region, sub-costal region, first to fourth sub costal 
intewpaces, first and seconrl discoidal or ratlial 


A PIECE OF 

Bv I’koi ekhok T. G. 

I N many parts of England and Scotland the roads 
are mended with a hai*d, heavy stone, fi*om a 
dark green to black in colour. Ask what it is, and 
if you are in northern districts you will be told it 
is whinstone. Whin is another name for furze, and 
probably the stone is thus name<i l^ecause this shrub 
commonly grows on the rough knolls and braes 
which often mark its outcro)>s. Tlie term may 
sometimes be used a little vaguely, but properly it 
denotes the stone which by geologists is called 
basalt. It is one of the group of igneous rocks. 

As we have begun with a heap of road-metal, we 
will describe basalt as a stone before we speak of it 
as a rock. The chemist tells us that it has approxi- 
mately the following composition — silica, 50 per 
cent; alumina, 19 per cent.; oxides of iron, 16 per 
cent; lime, 9 per cent; magnesia, 5 per cent; soda, 
3 per cent; with a little potash, water, and very 
small amounts of phosphoric acid, and perhaps 
of other substances; and that its weight is not 
quite three times that of water. 


interspaces, second and first median, intemo* 
median, sub^median, internal. It may also ba 
.separated into imaginary areas, such as the 
basal, costal, sub-costal, discoidal, median, internal, 
discal, apical, external, and anal : all these teims 
being valuable in indicating the general position 
of the markings. 

The legs of baitterflies, as in other insects, are six 
in number; but in the higher and consequently 
more specialised families, the anterior pair is more 
or less aborted, particularly in the mole sex, where 
it fi’equently looks like a little tuft of hair ratlier 
than a limb. Their thickness, length, hairiness, 
the length, number, or absence of their spines, and 
the prasence or absence of tufts or fans of hair are 
all characters sought for, and studied with interest 
by the student. 

The number of butterflies existing upon this 
globe may be estimated as at least twenty thousand. 
ITp to the present time somewhei’e about thirteen 
thousand species are knowiL One thing is, however, 
cei*tain, that the more w^e see of these beautiful 
insects the greater ditficulty do we experiences in dis 
criminating between the crowds of closely-allied forms 
which constiwitly arrive from all pai*ts of the world. 


WHINSTONE. 

Boxnky, D.Sc., F.R.S. 

The microRco}»e will l>est show us its component 
minerals. By examining a very thin slice, prtv 
parad in the usual way, we find it consists almost 
wholly of a variety of felspar, augite, and iron per- 
oxide, ami generally rnora or less olivine (Fig. 1 ). On 
making use of [)olarised and analysed light, we find 
the felspar exhibit the curious parallel banding 
which denotes a sf^ecies of the ** tricliuic ” group ; 
generally it is thal called labradorite.*^ Tlie augite 
often shows bnght coloui's, and the olivine lias a 
rather “ frosted ” look, and is frequently yet more 
brilliant in tint. The iron oxide appears in small 
black grains. But if a large collection of slides ho 
examined tliey will be found to exhibit many varia 
tions. If the rock be rather decomposed, the felspar 
becomes dull and earthy and has been partly used 
to form the minerals called zeolites ; green minerals 
akin to chlorite replace the augite, and serpentinons 
products the olivine. The iran becomes rusty, and 
a little calcspar makes its ap^iearance. Sometimes 
the rock is coarsely, sometimes finely, crystalliuei 
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la the former cafiOi when the grain’’ can be 
seen with the naked eye and the rook has a speckled 
look, it is called dolerite, and rather hner varieties 
are termed anamesite, basalt being reserved for the 

more compact. Occa- 
sionally, also, the 
mass of the rock is 
imperfectly crystal- 
lise, or is a glats 
crowded with minute 
crystals of the above- 
named minerals; then 
it is often called a 
glass-basalt* Some- 
times it occurs as a 
dark brown or purjde- 
black glass, which is 
called tachylite. The 
last can be quickly 
distinguished from 
other black volcanic 
glasses by the ease 
with which it fuses before the blow-pi|)e. 

Other structures also occur. Sometimes basalt is 
jwrphyritio — that is, it jshows in the mass of the 
rock distinct crystals of the component minerals; 
felspar, or augite, or olivine — one or more of them. 
Sometimes it is vesicular, or full of cavities. These, 
when the rock was solidifying, were occupied by 
ftteam or gas.. Afterwards these occasionally become 
filled with zeolites, silica, or calcspar — and the rook, 
to use a homely simile, looks like almond toffee ; 
from which appearance it is said to be aniyg- 
daloidul.t Instead of the fels|)ar, the kindred 
minerals nepheline or leucite sometimes occur; 
then the rock is called either nepheline-basalt or 
leucite-basalt, but these have not yet been discovered 
in England. 

Basalt, as we have stiid, is often rather decom- 
posed. When this is slight, a greenish tinge is the 
result, but when considerable the colour and appear- 
ance of the rook are so changed that one cpuld hardly 
believe it to have ever been a true basalt. Thus, 
owing to alteration of the iron constituent, the rock 
may be purple, or dull red, or rusty brown ; some- 
times it is a paler green, or a shade of grey, and 
occasionally a cream colour, almost white. Then it 
is often earthy, friable, and effervesces with acids. 

* Tb« limitf of the term ** baaaH " i^equire «ettling. Alto it 
maat be borne in mind that the name is used both generioally, 
ae in thin paper (inoluding dolerite, kc , ), and tpeoifioally for the 
oompaot, bti not dletinctly glassy varieties, 

t Derived from the Greek word for an almond. 
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This rock is popularly called " white trap,” and is 
the result of extleme decomposition, and the forma- 
tion of carbonates, especially of lime and iron. Tlie 
following is roughly its chemical composition: — 
Silica, 39 j^er cent; alumina, 13 per cent; lime, 
4 per cent; magnesia, 4 per cent.; soda» 1 per 
cent; iron protoxide, 14 per cent; iron peroxide, 
4 per cent; carbonic acid, 9 per cent.; water, 11 per 
cent; with a little potash. White trap is common 
on the coast of Fife, and is found at Pouk Hill, near 
Walsall, among other localities. 

We pass on now to speak of basalt as a rode 
mass. Often it has been poured out in lava streams 
from a volcanic vent These kre frequently of 
great size, for basalt seems capable of retaiduhg 
its fluidity much longer than the lavas whidi 
contain more silioa, as it solidifies at a lower 
tem|)eratuTa One of the fiows which issued ftom 
Skapt4 Jokul, in Iceland, in the year 1783, was 
fifty miles long and sometimes fifteen miles broad. 
The great tabular masses which fom many of the 
islands the Inner Hebrides, and the Giant’s Cause- 
way in Antrim, are fragments of huge lava fiows ; 
so are the masses which cap Titterstone Glee in Salop 
and the Rowley Hills in Staffordshire. Basalt is 
found also as an intrusive sheet, which sometimes 
runs so regularly between two beds of sedimentary 
rock as to be seemingly interstratified widi diem. 
Of this the Whin Sill in the North of England is an 
example, and other cases may be seen in the cliffs 
in the norihem part of Skye. Sometimes basalt 
breaks in wall-like masses tlirough other ro^s. A 
most remarkable case of this may be seen at Strath- 
aird, in Skye, where dyke succeeds dyke often at 
intervals of a few yards only ; sometimes also basalt 
foms intrusive veins or small bosses. 

Basalt contracts in cooling, and thus breaks, 
forming the divisional planes termed joints. These 
are often curiously regular, and give the rock the 
appearance of being com|>oaed of an immense 
number of columns. It must, however, be remem- 
bered that this columnar structure is not restricted 
to basalt, for it occurs in various more or less com- 
pact igneous rocks, but it is commoner in basalt than 
in the others. These columns are generally six-aided. 
They have evidently been caused by contraction in 
cooling, for in a fiow they are usually vertical, in a 
dyke horizontal; where tlie outer surface of the 
mass has been curved, the columns lie at right angles 
to the surface. Some dykes indicate the cause very 
distinctly, for the columns do not meet in the middle^ 
and thus have evidently started independently from 
the outside. Excellent examples of verticaLcolumua 
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are8eeiiatFingal’BOavemStaffa(Fig.2), anclatthe gradually aiuk into it Suppose^ for simpl^ty^ 

Giant's Gauseway in Antrim. At the Spindle, near the surface to be a plane, such as this paper, 

St. Andrews, they radiate from a centre. At the and ready to break under the strain. Which of 

Clam-shell Gave (Staffs) they curve in a very re- the three forms will be most easily produced t 

markable way ; and in some cases it is not easy to This will depend upon two things : one, the 

ascertain the precise cause of the curvature, for I'esistance to breaking, which for a figure of given 

they bend about in a most anomalous manner ; area, is projiortional to the total length of the 

sometimes clustering in tufts, or diverging like the sides (because we may conceive the contiguous 

pinnules of a fi*ond. Occasionally also the columns particles in the adjacent sides of two figures as 



Fig. 2.— Fivoal'8 Caw, SiAPrA. 


themselves are wavy, as though the mass had yielded clinging one to another) : the other, the amount 
a little after they were formed. Auvergne furnishes of the conti’actile force (acting towards the centime 
some remarkable cases of this. of the figure) which is at right angles to the side. 

Geologists for long were puzzled at finding the In short, the form chosen will be that where there 
columns so often six-sided. This diificulty, however, is least resistance to breaking and the greatest portion 
has been explained by Mr. R. Mallet^ as follows : of the contractile force is expended in breaking. 
The columns naturally adopt the foim which Of the three figures named above, a hexagon for 
requires in making the least amount of work, the same area, has a smaller periphery than a square, 
There are, however, only three equilateral shapes in and a square than an equilateral triangle. Thus 
which columns can be made so as to leave no a field of one acre would require the least amount 
interspaces when {lacked side by side. These are of fencing when its plan was a hexagon. So there 
equilateral triangles, squares, and hexagons. Now will be least resistance to rupture in a hexagonal 
as the mass cools from its exterior, the surface column. Again, it can be proved that in a hexag(>n 
of temperature at which rupture takes place will a greater paH of the contractile force (which wil 
• Phil<mphieal Maga^, Berim IV., VoL 1., p. 12^ b® proportiojwl to the area, and ao the same in 


A PIECE OP WHINSTONB 


7n 


•aoh case) acts at right angles to the sides, and 
is thus effective in rupturing.^ Per tliese two 
reasons a hexagon is the most easily and an equi- 
lateral triangle the least easily produced, so that 
while the former are common, the latter are veiy rare. 

The columns also generally break across after 
formation, as . the cooling continues (Fig. 3), 
though sometimes very long shafts may be seen. 



Pig. S.—Bo-italt iu Prisniatic Columiia. 


This fracture not seldom, instead of being plane, 
shows a oup-and-ball structure ; the whole 8ui*faee 
swelling up in a curve, or a |Mii*t of a ball seeming 
to rise out of the flat hexagon, like a circular 
dome from the roof of a hexagonal tower. This 
structure also is the result of contmotion, and 
shows that the column is losing heat pretty 
uniformly, not .only from its surface, but also 
throughout its whole mass. When a solid is to 
be fonned by contraction (for the reasons given 
ttliove), there is none so easy as the sphere : 
since it for a given content has tlio least suifacte, 
and to this surface the whole of a cfaitml force acts 
at right angles. Tlius there will be a great ttui- 
<hmcy for the cross cracks to take a curve<l shajie, 
and for spherical or spheroidal cracks to form 
within the body of a column, even where, i^erhaps, 
the outside had become too firmly set to admit of 
rupture So, when walking over a mass of 
columnar basalt, which, like the Giant’s Causeway, 
has. been partly washed awa> by the sea, we often 

'* If A B bo the Hide of a P any point in it, o the centre, 
then (as is well known) a force acting at p, in the direotion P o, 

may be replaced by 

1 B two, one acting in the 

/ direotion P A, the 

/ other in the direction 

/ P X, at right angles to 

/ 1 A Of these the latter 

^ only is effective in mp- 

F turing. By a mathema- 

/ tioal process, the total 

/ amount of all these 

q/ V|s) components, for every 

: imint in the sides of a 
tlgursveaii be calculated, and is found to be greatest ip tbs 
hexagon, mid least in the equilateral triangle. 


observe the broken ends of the columns showing 
these pitijecting balls and theii' corresponding sockets 
(for sometimes the emek takes an upward, some- 
times a downward du'ection). The weatlier, as it 
destroys the column, develops the spheroidal struc- 
ture. Thus in some cases, as at the Kasegixitte, 
near Bertrich, in the Eifel, the columns look as if 
tliey were built up of Dutch cheeses; and in many 
places decomposing blocks of basalt will be found 
to exhibit a rudely spheroidal structure. 

Basalt abounds on the west coast of Scotland, 
and among the Inner Hebrides; also in the Central 
Valley between the Gmmpians and the Southern 
Uplands, and in many other placea It is common 
in the noith of England, especially towards the 
eastern coast, and occni’s in Derbyshire — where it 
goes by the name of toadstone ” — Staffordshire, 
Shi’opshire, Leicestershire, in some parts of the 
south-west (us for example in the neighbourhood 
of Exeter), and ui Wales. 

Many of the gi’eenstoiies ” which now contain 
hornblende instc^ad of augite, wei*e probably once 
dolerites ; and there is little doubt that the rock 
called diabtise by |)etrologi.sts is only the result ot 
the alteration of some variety of basalt. It does 
not app(5ar to be restricted to any geological age. 
Tliese altered basalts are found in all older 
rocks. Basalt of Carboniferous age occurs in 
Derbyshire, and abounds in Scotland, Probably 
many of the English basalts named alx>ve were 
ejected just after that epoch. The basalts near 
Exeter ai*e Triassic ; those in Autnni, and on the 
western coast of Scotland, with perhaps some in the 
north of England, are Miocene ; while Etna, and 
many other volcanoes eject basalt at the present 
day. By its d«M5oro position it generally produces 
an excellent soil, though projecting knolls of the 
rock itself are commonly arid and baiTen ; bu< 
the principal economic value of basalt is for 
road-metal and paving sets. It is occasionally 
used as a building stone, and the long columns 
found in the Siebengebirge, near Bonn, are em- 
ployed for posts by the road-side. Now and then, 
e8|)ecially in ancient times, it has been sculptured, 
os in Egypt and in Eastern Palestine. Headers 
of Browning will remember the words of the dying 
bishop as he orders his tomb in St. Praxed'a 
Church”;— 

** And I BhiiU fill my slab of basalt there, 

And ’neath my tabernacle take my rest 

With those nine columns round me, two and two . 4 . 

Did I say basalt for my slab, sons F Black — 

*Twas ever antique black 1 meant ! ’* ^ 


7G 


SOtSNC£ FO£t ALL 


THE BOTTOM OF THE SEA. 

By P, Hehbeht Caktsntf.h, D.8c., 

Ani$iani Muslur at JRom OMUge, foriAitiy of tJw •*lAgktning” “PoroMpiiM/* UKft *' Valonm** BxpodUicii^. 


** Fall imaxf a gem of purest laj eerene. 

The dark, aufathomed cares of ooeau bear.” 

T O most of US the bottom of the sea is altogether 
au unknown region. Its veiy nature quite 
pi*ecludes the possibility of our ever making a 
direct }>ersonal examination of it, and of the 
wonders it has to show. Even the most practised 
of the Greek 8(X)nge-divers is unable to work in 
water which is more than forty fathoms deep/ 
while the avei*age depth of the sea is somewhere 
about two thousand fathoms. Little as we know 
about this vast submaiine region directly, we are 
slowly, but steadily acquiring a great mass of in- 
formation about it, by indirect metlioda We 
cannot go to it, but we can cause parts of it to 
oome to us — infinitely small, however, in propor- 
tion to its enormous extent — and we can then ex- 
limine them at our leisure. Samples of the bottom 
are obtainable in small quantities by the sounding 
iiiaohine, and in larger quantities by the trawl, ot* 
the di'edge. These last-named instruments are 
additionally valuable because they also bring up 
spedmens of the animals living on the sea bod, 
about which we should otherwise know little or 
nothing. 

The use of the instruments mentioned above has 
revealed to us that the sea covei*s a vast region 
which is, to a certain extent, comparable with the 
land. It has its hills, valleys, and great undu- 
lating plains. It has its various soils, widely dif- 
ferent materials, laid down and accumulated in 
different places. It has its climates, also very 
difibrent in different places ; and it has its special 
races of inhabitants, which depend, like the in- 
habitants of the I'ost of the world, upon the con- 
ditions of climate, and upon the nature of the soil, 
or sea “bottom,"* on which they live. 

I propose now to deal with these subjects in 
succession, viz., the depths and climates of the sea, 
the nature of its “ bottom ” in different localities, 
and lastly — in another paper — with the natui'e of 
its inhabitants, both animal and vegetable. 

The sujierfioial area of the globe is about 197 
millions of square miles, some three-quarters 
of which — viz., 140 millions of square miles — 
are covered by sea. The average depth o| this 
« Soitnoo for AU,’’ I., i>. 5S. 


enonnous extent of sea is given by Sir Wyville 
Thomsou, as 2,500 fathoms, or 15,000 feet — some- 
thing leas than the height of Mont Blanc. This 
estimate, however, probably refers only to the 
average depth of tlie great oceans, for a writer in 
the Kahirforacher^ who has reckoned in the gulfis 
and inland seas as well (some of which, such as the 
Baltic, North Sea, ka, ore quite shallow), estimates 
the average depth of the whole sea at 1,877 fathoms. 
The greatest depth yet certainly known is in the 
North Pacific Ocean. H.M.S. Clwllmgar sounded 
ill 4,575 fathoms — not quite five and a quarter 
miles — in tlie channel separating the Caroline and 
the Ladrone Islands ; while thei*e are several spots 
to the east of the islands of Niphon and Yezo 
(Japan) where the depth exceeds 4,000 fathoms, 
and another similar one close to the most westerly 
of the Aleutian Islands. The U.S. surveying ship 
Tmoarora has indeed sounded off the east coast of 
Japan, without finding bottom in 4,655 fathoms, 
but the depth may not really have been as great as 
this, owing to cuiTents in the water causing loo|)s 
to form in the sounding line. Unless the sounding 
tube brings up a s])eciinen of the bottom, or bears 
other evidence of its having been there, no “ sound- 
ing ** can l>e considei’ed as thoroughly satisfactory 
and trustworthy. The depth sometimes increases 
very suddenly. Thus the Ciiallenger found between 
the Admiralty Islands and Japan that the depth 
was suddenly more than doubled, increasing all at 
once from 2,000 fathoms on each side, to 4,500 
fathoms, which would indicate the contour of the 
bottom in this locality as a deep submarine valley 
with very steep sides. The Atlantic is by no means 
so deep as the Pacific, its average depth being 
estimated by 8ir Wyville Thomson at a little over 
2,000 fathoms. Its deei)e8t part is in an area four 
bundled miles long, extending along the meiidian 
of 65*^ W. longitude, and reaching 3,675 fathoms a 
little to the north of the Virgin Islands. Tlie 
general contour of its bed is described as follows by 
Sir Wyville Thomson : — 

“ An elevated ridge, rising to an average height 
of about 1,900 fathoms below the surface, traverses 
the basins of the North and South Atlantic, in a 
meridional direction from Cajie Farewell, prohablv 
as far south at least as Gou^ Idimd, following 



THE BOTTOM 

xongbly tiie outlin^ft of the coasts of the Old aiid 
Kew Worlds. A branch of this elevation strikes off 
to the south-westward about the parallel of 10^ 
and connects it with the coast of South America 
at Caj[)e Orange ; and another branch crosses the 
eastern trough, joining the continent of Africa 
jprobably about the pai*allel of 25'* S. The Atlantic 
Ocean is thus divided by the axial ridge and its 
branches into three basins ; an eastern, which 
extends from the west of Ireland nearly to the 
Oape of Good Hope, with an average depth along 
the middle line of 2,500 fathoms ; a north-western 
basin occupying the great eastern bight of the 
American continent, with an average depth of 
3,000 fathoms ; and a gulf running up the coast of 
South America as as Oa])e Orange, and open to 
the southward, with a mean depth of 3,000 
^thorns.” 

Let us now turn to the subject of ocean tempera- 
ture. It is, I suppose, pretty generally known that 
our ideas as to deep-sea climates have undergone a 
very remarkable change during the last few years. 
Up to 1868 it was commonly thought that the 
temperature of the sea at any considerable depth 
was uniform all over the globe. Sir John Hersohel 
stated, in his “ Physical Geography,” that ** in very 
deep water all over the globe a uniform temperature 
of 39® Fahr. is found to prevail” This doctrine 
was based partly on the temperature-soundings taken 
in Sir James Ross’s Antarctic expedition, and partly 
on other temperature-soundings which seemed to 
agree with them. It was, Imwever, rudely shaken 
by the results of the Lic/htnhig soundings in the 
North Atlantic in 1868. This series of careful 
observations revealed the fact that the bottom 
temperature is by no means uniform at 39® Fahr., 
but that even within a few square miles there may 
be great differences of climate, accompanied by con- 
siderable differences in the nature of the animal life 
in the two localities In the deep channel (from 
500 to 600 fathoms) lying E.N.E. and W.S.W., 
between the North of Scotland axi^d the Fliroe 
banks, two very different submarine climates were 
found to exist. In some parts of the channel the 
bottom temperature was found to be as low as 
30® Fahr. {behto the ft*eezing iK)int of fresh water) ; 
while in other ports of it at the same depths^ and 
with the same surface tempemture, the bottom 
temperature never fell below 46®. Some animals 
were found to be common to both of these warm ” 
smd cold ” areas ; but, as a g^eral rule, the shells, 
Eohinoderms, Foraminifei'a, and sponges of the 
one were found to be quite distinct from those of 
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the other. These iacts are considerably at variance' 
with the older notions as to dee^Hsea temperatures ; 
and, although the latest researches have revealed a 
general uniformity of temperature in the deepest 
parts of the gi'eat oceans, this uniform temperature 
is far lower — 5® or 6®, at least — ^than had been gene- 
rally supposed. 

The temperature at great depths is very low. In 
those parts of the Faciho, Atlantic, and Southern 
Sea, where the depth exceeds 2,000 fathoms, the 
bottom temperature is usually a little above the 
freezing-point of fresh water (32® Fahi*.). In the 
deepest hollows it sinks to the freezing-{)oint, and 
even a little below it ; at lesser depths (except in 
such cases as the Lightning channel, which will be 
considered later) the temperature is higher, and 
increases towards the surface. Here tlie tempera- 
turc varies with the season of the year, the latitude 
of the place, and other cavises, being dependent to a 
very gimt extent on the amount of heat received 
from the sun. This heat is siiffcient to produce 
very important differcnoes in the temperature of 
the upper layers of water. It usually falls— rajndly 
at first, and then more slowly, down to a depth of 
500 fiithoms, where the temperature is usually about 
45® Falir. As the depth incrcases, the temperature 
falls very slowly and gi^dually to near the freezing- 
point, or even below it 

The climates of the inland seas may be very 
different from those of the great ocean basins. 
In the Mediterranean, for example, where the* 
depth may reach 2,000 fathoms between Malta, 
and Crete, the bottom temperatture is uniform at 
about 55® Fahr. In the Bulu Bea, again, a small 
basin lying between the north-east angle of Borneo^ 
the south-west promontory of Mindanao, and the 
Bulu Archipelago, the depth reaches 2,550 fathoms, 
but the bottom temperature is only 50 \ 5 Fahr. 
while in the basin of the North Pacific the bottom 
temperature at the same depth is below 35® Fahr. 

These differences of submarine climate admit of a 
very simple explanation, with which, however, we 
will not concern ourselves at present, as our object 
is merely to bring forward fSttcts. At some future 
tune we can discuss the theories which have been 
based upon them. They have served their present 
purpose in helping us to get rid of the dootiine that 
the deep sea has a uniform temperature of 39® Fahr. 
everywhere. Let us pass on to a consideration of 
the Afferent kinds of dei)OBit which are now being 
laid down on the bed of the sea. 

Geology ^ tells us that many 6t the materiab of 

• See “lienee for All,*' Voi I. ; “ATlidt to a Quwrry,*^ 
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the land maBsefi of the woild, such as sandstone, 
clay, chalk, and conglomerate or pudding-stone, 
were once deposited in layers at the bottom of 
tlie sea, where they began to assume their pi*esent 
form and cliaracter. Under the influence of various 
agencies acting in the interior pf the earth, they 
became haixlened and compressed, and finally mised 
up into their present condition of dry land. These 
deposits have a twofold origin. Many of them, 
such as sandstone, conglomerate, shale, and slate 
were formed near the shores of pre-historic seas, 
fVom the d^^yria of the adjacent land, which was 
brought down into the sea by rivers, or worn off 
the coast by the action of the waves. But the 
livers and the waves are not the only agents 
concerned in the formation of new rocks on the 
l>ottom of the sea. There is another ever active 
agent doing the same work, and doing it to an 
extent which we are only Just beginning properly 
to realise. That agent is life, principally animal, 
but partially also vegetable life. Its mode, or 
rather modes, of working will be explained as we 
jiroceed. 

We win commence our study of the sea ‘‘bottom” 
with a brief examination of the shore deposits, Le,, 
the deposits which are now being formed near 
continents and islands. Tliese receive their chief 
characteristics from the [)rescnce of the debris of 
the adjacent land. In some cases th<-*y extend t<i 
a distance of one hundre<l and fifty miles from tlie 
coast. Where the land contains the older and 
crystalline rocks the sliore deposits aro generally 
blue or green clays, containing mineral particles of 
different sizes, the largest being nearest the land. 
The shore muds also contain the remains of dia- 
toms,* together with leaves, fruits, and pieces of 
wood. I4trge pieces of rock, such as pumice and 
granite, and smaller rounded pebbles, are not un- 
common. The blue muds are very common along 
the east coast of North America, l>etween Halifax 
and New York, extending to a distance of from 
80 to 100 miles from the coast. At one station off 
Nova Scotia the Cludlenger^s dredge brought up 
a large syenite boulder weighing 6 cwt., together 
with a quantity of this blue mud, from a depth 
of 1,340 fathoms. The bottom of the Southern 
Ocean, near the ice barrier, consists of blue muds 
very similar to those of the North Atlantic, and 
containing diatom cases, together with many 
{iebbles and blocks of granite and other rocka 

pp. 66>9; **A Piece of Limettone,** pp. lSf-4; end “A Piece 
of Slate/* pp. 342-^ 

• See “ Science for All,** Vol. li, “ Duet,’* p. 277. 


Similar muds are found at the bottom of all en- 
closed seas, such as the Arafura, Banda, Celebes, 
and China Seas, and the Inland Sea of Japan. 
Along the east coast of South America, the shore 
deposits, wind} extend down to 2,000 fathoms, are 
peculiar from their red colour. This is probably 
due to the quantity of ochreous matter carried into 
the sea by the South American rivera Near 
volcanic islands the presence of the debris of volcanic 
rocks gives a distinctive chai*aoter to the shore 
deposits, which are generally grey muds and sands 
containing pieces of pumice, scoria, &c. These 
deposits are found as deep as 2,500 fathoms, and 
sometimes extend to gi'eat distances from the 
islands, 200 miles, for instance, from Hawaii. In 
the neighbourhood of coral reefs the deposit is a 
calcareous mud with broken pieces of coral and 
large foraminifei'al shells. All the depwits about 
Bermuda are of this nature, extending ^from the 
edge of the reef down to a depth of 2,650 fathoms. 
At 1,000 fathoms the mud assumes a rosy tinge, 
which d6e})en8 into a red colour as the depth and 
amount of clayey matter increase ; and the amount 
of carbonate of lime decreases in proi)Ortion, until 
finally the coral mud, which contains very few 
mineral particles, passes into the rod and grey dee])- 
sea clays of the surrounding ocean. In other 
places, however, as the Admiralty, Sandwich, and 
Virgin Islands, Tahiti, Fiji, <Sr.c,, the coral muds 
form a narrow band round the land, rarely at a 
greater depth than 600 fathoms, and usually con- 
taining a considf)rable admixture of mineral par- 
ticles and clayey matter. 

Extensive as are the shoro deposits now forming 
on the ocean bed out oi the materials derived frt)m 
the disintegration of the land, they cover but a 
small area in comparison to those “ oozes ” which 
owe their origin to the agencies of animal or 
table life. More than twenty years ago it was 
<li8covered that over a great part of the North 
Atlantic Sea bed a very remarkable deposit is being 
formed, a deposit now known as “ Globigerina- 
ooze.” Eecent systematic exploration of the deep 
sea has revealed the extension of this ooze over 
enormous areas of the bottom. It consists of an 
aggregation of very minute shells belonging to the 
group which is known as Foraminifera^^ since the 
shells are generally pierced with numbers of small 
holes, through which long feelers are extended by 
their tiny inhabitants. By far the largest propoi^ 
tion of the fpraminiferal shells in the deep-sea ooae 

t “Soienoe for All,” VoL I,, pp. 10, 14, 66 • VoL It, 
p. 277. . 
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Mong to the type ktK>wn as Ohbiyerina (Fig. 1). 
It forms a minute shell from pne-twentieth to one- 
thirtieth of an inoh in diameter, and composed of 
several little globules or chambers piled up one on 


to the Polar ice. They are more abundant, more 
varied in character, and of a larger size in the 
'Warmer seas ; being smaller, less numerous, and 
less varied in high latitudes, but one kind only 



Fig. l.->mLOBioiiuvA Bvuioioifl vjiox THK BvEFAOS. {Aftw Bit WyvUle Thomaon.) 


another, with a rough surface pierced by a number 
of minute pores. These Globigerinm spend a great 
part, possibly the whole, of their lives on thp^ 
surfau^ of the sea, and eventually sink to the 
bottom, ^yirhere their shells accumulate in count- 
less numbers (within certain limits of depth), 
and form about 86 per cent, of the ooze. They 
occur on the surface of all seas, from the equator 


occurring south of tlie latitude of Kerguelen’s Land. 
There is also a great difference between the appear* 
ance of the Globigerina-shells captured on the 
surface of the sea by the tow-net, and that of those 
brought up from the bottom by the di'odge. The 
surface forms have very thin-walled shells, clear 
and transparent, vdth very distinct pores, and their 
whole surface is covered with a forest of spines, 


soibIncb vou all 
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•often four or five times the diameter of the shell 
in length, which radiate symmetrically from the 
•direction of tlie centre of each chamber. The shell 
has a tiny animal in its interior, which is nothing 
but a particle of gelatinous material, like the white 
of egg, and is known as saroode or protoplasm. 
When alive and uninjured this protoplasm exudes 
gradually through the pores of the shell, spreads 
out on its surface and up to the end of eeu:h of the 
spines, where it absorbs minute particles of organic 
matter fioating in the water. These protoplasmic 
sheaths of the spines are in a state of continual 
flowing movement, creeping np one side and down 
the other, and carrying along in the stream the 
food particles which they have taken in. Similar 
flowing movements may be seen in the protoplasm 
of the Anaxha or Proteus animalcule,’^ and in the 
oells of many plants, such as Cluira, Valmieria^ «fec. 
They are eminently characteristic of living proto- 
plasm, whether animal or vegetable.* 

The dead Globigerina-shells brought up by the 
di'edge from the deep-sea bed are often much 
larger and thicker than those of the living forms 
from the surface water. This change in external 
Api^earance is due to a supplementary limestone 
deposit u[>on the outside of the proper chamber- 
walls, so as completely to mask the shell-pores. 
This deposit is not only many times thicker than 
the original chamber wall, but it often contains 



Pig. 3. —Section of Shell of Olobigerina from the Bottom Oote, ehow- 
iiir the Supplementary Uepoeit o iteide the original Chamber* 
wall. (Aft^ Dr. CarjutnUr; fvam an original drawing by Dr, 
WaUich.) 

flask-shaped cavities (Fig. 2) oj>ening externally, 
and containing Barcode like that which fills the 
chambers. It adds very largely to the weight of 
the shell which, in the surface forms, is somewhat 
reduced by the presence of oil-globules in the 
pi*otoplasmic contents ; but in course of time the 
external de{)osit l)ecome8 sufficiently thick to sink the 
shell after death, at any lute, if not before. For it 
has been a disjiuted point wheUier the Globigerinie 
♦ “ Science for AU,” Vol. I., pp. 176, 295, 878. ’ 


live at the bottom at all, or only on Uie surffioe and « 
down to a comparatively slight depth Associated 
with Globigerina in very variable proportion, both 
on the surface and in the bottom oose, is a small 
spherical shell known as OrbtUina^ the exact nature 
of which is still doubtful. Like Globigerina, it is 
most fully developed and most abundant in the 
warmer seas. Not one was detected in the icy 
sea to the south of Kerguelen’s Land, although 
Globigerina was constantly taken in the tow-net, 
Together with these forms, both living on the sur- 
face, and dead, with their shells in various stages of 
decay, at the bottom, there are two varieties of 
another foraminiferal animal, PuhimUina, which 
is almost as abundant as Globigerina in the ooze of 
the axial plateau of the North Atlantic, but dis- 
appears gradually towards the Southern Sea. The 
veiy pure calcareous formation in the neighbour- 
hood of Prince Edward Island and the Crozets 
consists almost entirely of G. bulloides ; while, as 
in the case of Orlndhiay no Pulvinulina has been 
found south of Kergiielen*s Land. 

Besides foraminiferal shells, the Atlantic ooze” 
frequently contains a considerable projiortion of 
fine granular matter (sometimes as much as 20 ))er 
cent), which fills the shells and the interstices 
between them, and forms a kind of cement. Micro- 
scopic examination of this substance shows that it 
consists almost entirely of a multitude of extremely 
minute calcareous jmrticles of a rounded, oval, or 
rod-like form, which are known as ** coccoliths ” 
and “ rhabdoliths.” They are the separated ele- 
ments of the peculiar amatures covering little 
spherical bodies known respectively as “cocoa- 
spheres ” and rhabdosphei^es ” (Fig. 3), the real 
nature of which (probably vegetable) is still uncer- 
tain. They live at the surface and at intermediate 
depths, sinking to the bottom after death, and have 
a very wide but not an unlimited distribution. To 
the south of the Caj)e of Good Hope they rapidly 
decrease in numbers both on the surface and at the 
lK>ttom, so that the proportion of their remains in 
the Globigerina-ooze near the Orozets and Prince 
Edward Island is extremely small. The ooze of 
the North Atlantic, in about the same latitude, is 
also nearly free from coccoliths and rhabdoliths. 

In some localities this calcareotis ooze also contains 
the siliceous spicules of spongesf and the remains 
of organisms with siliceous shells, both animal — 
such as the Badiolarians and the newly-discovered 
“ Ohallengarida ’’—and vegetable, namely, the cases 
or friistules of diatoms. :|: In other localities these 

f “ Bdawnt for AU,” Vol. L, p. 56. t Vol H , p. 277* ' 
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remams are almoet entirely wanting. Various 
mineral particles are also met with in the ooze, 
more particularly in those parts which are nearest 
land. 

Next to the deep-sea clays (hereafter to be de- 
scribed), the globigerina-ooze or the Modem 
Chalk'’* is the most abundant deep-sea deposit. 
It does not occur in any of the enclosed seas, nor in 


the Southern Ocean south of lat. S., nor in the 
Pacifio north of lat. 10® N. Elsewhere it occurs in 
irregular patches at all depths from 250 to 2,900 
fathoms, being always present in the open ocean at 
depths less than 1,800 fathoms. Its presence or 
absence at greater depths than tliis depends on 
conditions which are at present unknown. In the 
Atlantic it covers the ridges and elevated plateaus 
below 400 fathoms, and occupies a belt at depths 
down to 2,000 fathoms round the shores outside the 
line of shore deposits, while the deep east and west 
depressions are covered by a peculiar red clay. The 
extreme bathymetrical limit of the pure charac- 
teristic globigerina-ooze is somewhere about 1,800 
to 2,000 fathoms. In certain localities, where the 
depth exceeds this limit, the shells gradually lose 
their sharpness of outline, and become more and 
more mixed with a fine red-brown powder, which 
increases steadily in proportion until the lime has 
^imost entirely disappeared. In fact, as the water 
* SoleiiM for All,” Vol. L, p. 14. 


deepens the ooze gradually becomes less and less 
calcareous, passing into, and being replaced by, an 
extremely fine and pure red clay. This consists of 
a compound of iron, flint, and alumina, and occupies 
(generally speaking) all depths below 2,500 fathoms. 
Here and there, however, the ‘‘ grey ooze," which is 
ihe intermediate condition between globigerina-ooze 
and red clay, is found at depths greater than this. 
Thus the deepest Atlantic sounding (3,875 
fathoms), and several others of over 2,500 
fathoms, between the Azores and Bermuda, 
and Bermuda and St Thomas, respectively, 
showed a “ bottom ” of grey ooze, and not of 
red clay. 

Nevertheless, this red clay has an enor- 
mous geographical extension. Along the 
section of the Atlantic sea-bed, between 
Teneriffe and Sombrero, the Challenger found 
1,900 miles of red clay as compared with 
720 of globigerina-ooze. The red clay also 
covers a veiy large part of the bottom of 
the Pacific, jjarticulorly in its northern basin, 
where there is a great depth of water. Much 
of it is probably derived from the decompo- 
sition of pumice and other minerals contain- 
ing felspar, t which have reached the sea by 
the disintegration of volcanic rocks. Pumice 
is simply the upper part or froth of the lava 
thrown out from volcanoes, and is often light 
enough to float on water. It occurs more or 
less abundantly on the surface of the sea in all 
parts of the world ; and after a time, when it 
becomes water-logged, it falls to the bottom, where 
it is found, in various stages of decay, over a large 
part of the sea-bed, more especially in the neigh- 
bourhood of volcanic centrea It occurs in pieces 
of various sizes, from that of a pea to that of a 
football, and is particularly abundant in the red 
clay area. Its disintegration is probably an im- 
portant source of the clayey matter found in oceanic 
deposits ; but we do not as yet quite understand 
the precise relations of the red clay to the globige- 
rinsrooze. Why, for example, does the ooze usually 
disappear at depths much over 2,000 fathoms, and 
become replaced by this extensive deposit of clay 1 
For the globigerina-shells are universally distributed 
on the surface, and they ought to reach the bottom 
at 2,500 fathoms almost as easily as they do when 
the depth is six or seven hundred fathoms less. 
On the other hand, what causes the clayey matter, 
which is presumably scattered almost equally 

t“Soienoe for All,” VoL I,, **A Piece of Granite,” pp. 
248-260. 
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throughout the sea water, to form such vast 
aggregations as we know of in tlie Pacific, and not 
be more evenly distributed over the ocean bed ? 

There is another curious fact relating to the red 
clay. It nearly always contains nodules of almost 
pure peroxide of manganese, which 
vary in size fi*oin minute grains to large 
masses, several pounds in weight, and 
sometimes occur in enormous quantities. 

They generally contain a kernel round 
which the mineral has accumulated, 
either a fish’s tooth, a bit of sponge, 
or some other substance. Although the 
manganese is most abundant in the red 
clays, it also occurs in the other oceanic 
de|>osits, especially at deptlis exceeding 
five hundred fathoms, and Mr. Bu- 
chanan, the chemist of the CJuiUenger^ 
has recently made the singular observa- 
tion, that the mud at the bottom of 
certain parts of Loch Fyne (the deepest 
|>ortion of the Firth of Clyde) only 
104 fathoms dtK>p, contains manganese 
modules identical with those which were 
found by the CfudlengHr to form so 
im|)ortant a constituent of the sea 
bottom at tlie greatest depths. Tlie 
origin of these mangan(»se luslules has 
yet to be cleared uj), but there is reason 
to hope that tlie microsfX)pic examina- 
tion of them which is now proceeding will tlirow 
much light on this curious subject. 

The purest and most chai’acteristic form of the 
red clay is found between depths of 2,500 and 
3,000 fathoms. Below this limit it contains a 
larger and larger proportion of the flinty shells of 
Radiolarians (Figs. 4, 5), which become larger and 
more numerous as the depth increases, while the 
calcareous foraminifera diminish in size and numljer. 
This is probably due to the greater depth of water, 
as the Kadiolaria 8(?em to live all through the sea 
down to its gi’eatest depths, and not mei*ely at or 
near the surface, so that the deeper the water, the 
greater would be the accumulation of their shells 
on the bottom. Consecpiently when the depth is 
enormously increased, the deposit of flinty shells 
must gradually gain upon that of the red clay, and 
finally mask it. Thus in the deepest sounding made 
by the Challenger^ 4,575 fathoms in the channel 
separating the Caroline and Ladrono Islands, the 
red clay formed a kind of cement, binding the 
shells together ; and wherever the dei)th reaches 
4,500 fathoms, the bottom deposit is almost purely 


organic in nature, consisting, however, of siliceous 
aiid not calcareous shells. 

As this ** radiolarian-ooze ” is formed only at 
very extreme depths, it necessarily occurs more or 
less in patches over the bottom of the sea, chiefly 


in the western and middle Pacific. It is a pale, 
straw-coloured deposit, almost entirely composed of 
the remains of siliceous organisms, the Badio- 
larians pi^eponderating, though a small proj)ortion 
of diatoms is also present. These diatoms, minute 
plants which have flinty coverings, are extremely 
abundant on the sinface of the Southern Setu 
After death their cases fall to the bottom and form 
a deposit here, which, wlien brought up in the 
dredge is singularly like chalk to the eye, though 
it is siliceous, and not calcai'eous in nature.* 

The two last mentioned oceanic deposits, viz., the 
radiolarian-oozc, and the diatom-ooze, are two 
amongst the many novelties discovered by the 
CliaUenger expedition, another result of which 
(besides the discovery of the grey ooze and red 
clay) is a great extension of our knowledge re- 
specting the geographical distribution of the globi- 
gerina-ooze. All these three deposits are produced 
by the agency of life, though of a very humble 
kind. The diatoms are some of the lowest plants, 
while both the radiolarians and globigerinse are 
• «Soieiioe£orAU,”VoLra.,p. 2t 



Fig. 4.— A Radiolarian (XipKaoati<?ui) from the Surface. 100 times natural siie. 
[The skeletou only.] (Aftiyr Sir Wyvills Uionuson.) 
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among tixe vary simplest members of the animal shells upon it frpm the surface, just in the same 
kii^dom, and yet they are instrumental in pro- way as globigerinse, radiolanans, and diatoms are 
ducing truly gigantic results. The chalk which now falling to the bottom of the Atlantic. 



Fig. S.->OYBTID08rHAXRA ScHIirOIDXB, 4 BaDIOUBIAIT OAPTURXD OV THX SCRrACK or THX Sea at NlCX. 

In the centre U teen the* in^fornti'd flinty with im Bpiktoe (•») radiattng from it. It is c'otlu'd in tlii> I'rntoplMin contNining little yellow Ulubulei (ft), 
and fK'uaing out uum^roua thrvad-Uke ** PMudoitodla" (r). The tpecituon ie 400 tiinei enlarged. {After HaeekeL) 


forms the white cliffs of Dover, and the rolling 
downs of the south-east and other parts of England, 
was once formed upon the sea-bottom by a rain of 


Truly indeed may this be considered an apt 
illustnition of the old proverb : “ Small beginnings 
make great ends.*' 


MARS. 

By W. F. Denning, F.R.A.8., F.M.S. 


A t intervals of about two years a bnght red star 
becomes conspicuously visible in the finmament 
throughout the night, and remains thus favourably 
in view for several months together. Then, setting 
earlier each time it falls to the horizon, and gradually 
becoming less brilliant, it is seen for a portion of 
the night only until, after the lapse of a few more 
months, it may scarcely be discerned at all, for now, 
immersed in tlie twilight and setting in the early 
, evening, the nocturnal sky loses one of its biightest 
ornaments. This is the planet Mars, which, arriv- 
ing at opposition to the sun onoe in little more 
than two years (or, more exactly, 780 days) attains 


considerable brilliancy, and becomes noticeable os 
a singularly interesting object in his bright ruddy 
splendour. But in different years the ap^ieamnce 
of Mars, as seen by the naked eye, undergoes great 
variatibns, because the distance of the planet from 
the earth (an element upon which bis apparent 
lustre almost wholly depends) is not the same at 
each successive opposition. Thus it happens that 
when Mars is near the earth and'min (or in perigee 
and perihelion) which occui’S once in four synodical 
revolutions, equivalent to above eight and a half 
years, he shines with remarkable intensity, and 
sometimes rivals the brilliancy of Jupiter. It is. 
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however, only at epochs of about fifteen years that 
the planet is observed shining with his maximum 
lustre, and very well situated for examination in a 
telescope. In 1845, 1862, and in 1877, Mars was 
seen under peculiarly favourable circumstances, and 
in 1892 the conditions will recur again. At his 
apparition in 1719 he shone with such striking 
grandeur as to cause great alarm among the 
peasantry of France, who discerned all sorts of ill- 
omens in the fiery-red light he cast ujK)n them. 
This }>lanet was justly celebrated during the historic 
period on account of his imposing appearance in the 


permanent markings of irregular outline invaxiabl^ 
visible eveiy time the planet becomes conveniently 
placed for observation. That these lineaments are 
something more than mere atmospheric appearances 
is evident beyond doubt by their constancy. No 
matter how great the difference of time at which 
they are examined, they are seen to retain the same 
forms, in fact, the same identical features are 
manifested again and again, though, of course, not 
with equal distinctness. This arises simply from 
the fact that they are not seen under precisely 
similar conditions. When the planet is in that 


8 



Fig.]. » Fig. a. 

Fige. 1 and 2 .-~Thk MAREimtt on Mabb, 


heavens. To the Jews he was familiarly known 
under a title analogous to ‘‘blazing,” and the 
Greeks gave him a similar appellation in wup6ui. 
Yet Mars is not coiu})arable with Venus in jwiut of 
brilliancy, and is very seldom as conspicuous as 
Jupiter. At his last favourable ap|)eai*ance in 
1877 (which was one of the most noteworthy on 
record, being signalised by the discoveiy of his two 
satellites), the planet could be well compared with 
Jupiter visible at the same period in the evening 
sky, but there could be no doubt that the jovian 
planet surpassed his rival We can, however, 
readily understand that in past ages Mars, with 
his intense blood-red lustre, would be certain to 
attitu^ much notice, and instil dread into the 
popular mind. 

By means of the telescope astronomers have been 
enabled to distinguish varieties of light and shade 
upon the surface of Mars. Tliere are certain 


jiart of his orbit neat*est to the earth his apparent 
diameter is greatest, and obviously the markings on 
bis disc will be exhibited very favourably for 
inspection. Again, our own atmosphere will 
occasionally allow veiy excellent views of celestial 
objects, while at other times little or nothing can 
be seen through its moisture-laden strata. More- 
over, the inclination of the planet’s axis originates 
apparent changes in the forms of the markings at 
different oppositiona Sometimes the southern 
hemi8[)here is chiefiy presented to view, and 
sometimes the northeiTL The true figure of a 
marking cannot be distinguished unless it is seen 
at the centre of the apparent disc. Spots near the 
margin are contracted by the effects of foreshorten- 
ing. Such differences, therefore, aa are observable 
in the aSrograpbic ap})earanoe of Mars are in no 
way attributable to changes on his surface, but 
have their origin in his varying distance, and in 
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atmospheric cauBea The dark and ligiit objects 
which diversify his disc are really permanent 
features existing on his globe, and though th^^ may 
often be a little dimmed by atmospheric interference 
(just as we may imagine that, to an observer on 
-Mars, the continents and seas of the earth are 
partially shrouded by the clouds in our own atnio- 
.sphere), yet they invariably reappear with fonner 
distinctness, exhibiting precisely similar shapes to 
those depicted in past ye^irs. 

Mgs. 1 and 2 are views* of Mars selected from a 
large number of sketches made by Mr. Nathaniel 
Oreen in 1873, with a reflecting telescope of 9 
inches aperture, and magnifying po Wei's of from 
200 to 400. In Fig. 1, that prominent marking, 
the Kaiser 8ea (connected witli Dawes Ocean in 
the southern hemisph(u*e, and projecting towanls 
the Delambi'e Sea in the northern hemisphere) is 
well shown as a latitudinal hand ta|»ering at its 
northern extremity, and curling up as it turns 
eastwards. In Fig. 2 the planet’s rotation has 
carried the Kaiser Sea to the western margin of 
the disc, and another conspicuous though more 
diffused shading has entei*ed well into view. This 
is the Knobel Sea, and. on th<^ southern limb that 
4 lark in*egular marking, the l)e la Hue Ocean, is 
very distinctly mark^nl. 

The character of tlie spots on Mars gives the 
impi'ession of land and watcn*. The brighter regions 
of the sui'face ai'o orange-coloured ; the dark<'!r 
spaces, which vary a gooil deal in depth of shading, 
are greenish, possessing the as{)ect of a fluid by 
which the sun’s rays ai'e absorlnHl. Hence, it is to 
l>e infen*eti that the latter [Sii-ts I'eju'eseut seas and 
the former land. If this is so there is considerably 
more land than water in Mars. Tlie form and 
distribution of his chief features have been carefully 
mapped, and that they might be conveniently ixv 
ferred to, have received distinctive titles, so that we 
ai'e enabled to refer to tliem with the same aptitude 
as we may refer to the features of the earth on a 
terrestrial globe. The names of eniipeiit astrono- 
mers have l>een selected as the most suitaVde titles 
to the Martian continents and seas, and w'e are 
getting familial* with “Dawes Ocean,” “Kaiser 
Sea)” “ Madler Continent,” and the other con- 
spicuous parts of his surface. 

But the most remarkable details revealed by our 
telescopes consist of two white markings, one at 
oach pole. A number of observations of these 
singular appearances lead to the supjKMition that 

* Reproduosd here hy the kind permiaeioii of the Editor of 
the At^tiomidal Jlegiiter* 


they are masses of snow or ice accumulated in the 
polar regions of the planet. This tlieoiy of their 
origin is strikingly sup^jorted by obsei-vation, for it 
has been found that under tlie sun’s powerful action, 
in the summer months of Mai's, the polar snow's 
diminish in extent, wliile during the progress of 
winter they again become augmented. In fact, the 
vanations assigned to these objects occur at such 
periods and in such positions as accord exactly with 
tlie accepted theory of their nature. They were firat 
seen and figured as early ns 1704, but they had 
pi*obably been detected at a much anterior date, 
for such prominent objects could not long evade the 
Kcnitiny of the telescojK\ A vei'y singular though 
well-attested fact in connection with them is that 
they ai*e not exactly opiKisitt? to each other. Tliis 
npf^arent anomaly is not readily explained, though 
it has been suggesteil that on Mai's, as on the 
(iarth, the [Kilos of cold do not corres[)ond with the 
[Kiles of rotation. 

Tlie southern snow region, as observed ami 
delineated on September 8th, 1877, at 12.30 p.m., 
is shown in Fig. 3. Hie two white spots on 



Fig. 3.- South Pole of Mara. 

the western side have liecui nanie<l the Mitchel 
M ountains, the infei*enee being that they are the 
snow-crowned summits of lofty elevations situated 
just outside the polar snow-space. In the views of 
the latter formation by the Italiiui observers in 
1877 the ap|3eamuce is remarkably diflTei^iit, con- 
sisting of a small triangular patch slightly within 
tlie soutli bortler of the <lisc. 

The delineations of Mars, though agreeing in the 
main, ai'e yet in some I'esjiects strangely dissimilar. 
The various fonns of telescofie employed, the dif* 
ferent epochs of observation, the diflereuoes in 
vision, and the manner of dt^iiicting and interpreting 
what is seen, all contribute to create discordances 
amongst the I'esults. Yet) as has been said, in the 
main the general facts are rxnrdant, and observers 
have at times confirmed each other in an astonisliing 
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degi'ee, so that at the present day there can be 
no doubt as to the form and extent of the principal 
markings on Mars. Physical changes have been 
inferred, but none ai'e proved to have occurred. 
During the last favourable appearance of Mars in 
1877, the Italian astronomer Schia})arelli I'ecognised 
a number of dark, narrow channels or canals inter- 
secting the planet’s equatorial zone, and these he had 
not seen before October in that year, nor had any 
other observer distinguished them at any pi-erious 
date. It seems, however, a probable inference that 
these inxjgular lines of shading are to l)e refeiTed 
to instrumental or visionary eri*oi‘s, for in the 
more powerful telescopes directeil to the planet’s 
disc at the same i>erioil, no traces of these remark- 
able api)earances were seen, and it lias l>een adduced 
in explanation of the obstjrved peculiarities, that 
minute dusky shadings will, with bad definition, 
apparently become lines, especially when several lie 
nearly together. The canals or channels supposed 
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to have been distinguished by the Italians are 
n^presented in Fig. 4 (planet in long. 0®, lat. 
25** S.). 

That Mars has an atmosphere appears extremely 
probable, for such an envelope is implied in the 
formation of snow. It is, however, likely to be 
only moderately dense, and does not originate the 
intense iiiddy tinge of the planet’s light as some 
have believed, for this is most decided in the region 
about the centre of the disc. Obviously the red 
colour would be deepest on the margin, were it 
attributable to the planet’s atmosphere. Moreover, 
it has been ascertained that Mars always looks 
reddest when his atmosphere is clearest, and the 
various markings upon his disc come out with great 
distinctness, and it is a notable fact that the colour 
never affects the snow masses at the poles, which 
invariably present a dazzling whitenesa 

But it would appear that tliere are no clouds of 


any intensity and extent upon the surface of Mars, 
because bis cliief markings are always easily 
identified. Certainly, in the equatorial region of 
the planet no really dense clouds have ever made 
themselves evident The opacity of our tenestrial 
atmosphere is such, that remarkable difibrencos 
must be observable in our apf)earanoe as viewed 
from Mars. ‘ Tracts of land will be utterly hidden 
from view, and the constantly varying forms of 
cloud phenomena will l>e intei*esting to witness and 
difficult to account for. Above the surface of Mars, 
however, there are no cloud masses to obliterate the 
outline of his land and sea, though an atmosphere 
and its modifications are necessary to the existence 
of the snow patches and other features su})posed to 
l>e common to his globe. But there is evidence to 
show that occasionally certain parts of the planet 
are rendered faint, and, indeed, a few instances 
are recoixied in which the features were entirely 
obscured. On September 29th, 1877, at 9h. Mr. 
Gi’een, at Madeii*a, saw the outline of the De la 
Rue Ocean on Mai*s hidden by cloud on the planet. 
On Septi^mber 18th there wei’e manifest signs of 
the breaking up of the snow-zone around the south 
|K)le, and its great indistinctness at this epoch was 
esj)ecially noted by several observers. And in 
1877 and 1862 j^rtions of Dawes Ocean were some- 
times hidden by a light not constantly hanging 
over that region of the surface. Occasionally, too, 
wliite patches have been glimpsed on the margin of 
the disc, chiefly on the eastern side, and as these 
objects remained iqx)n the limb the inference is, 
that they were exterior to the surface and originated 
by masses of cumulus clouds or mists upon the 
planet. But to be thus observable their volume 
must be very considemble, and far l)eyond the 
extent and character of what we have been led to 
understand of the atmosphere of Mai*s. 

It was by means of the spots observed on this 
planet that his period of rotation became an element 
easy of determination. On the morning of February 
6th, 1666, the astronomer Cassini, surveying Mars 
through a telescope sixteen feet long, was astonished 
to behold two dusky spots on. his disc. He looked 
for them again on subsequent nights, and his dili- 
gence was rewarded by their re-api)earance. Noting 
their positions attentively as they gi^adually passed 
across the planet to his western margin, and re- 
observing them as they came into view on the 
opposite limb, he was enabled to fix the rotation as 
performed in 24 hrs. 40 mins., which differs very 
slightly from the period now adopted, viz. : 24 hrs. 
37 mins. 23 secs. But Cassini appears to have beaa 
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anticipated in these discoveries by Huygens, who 
approximately discovered the rotation in 1659. 

Thus the length of a day on Mars is but slightly 
in excess of the duration of a terrestrial day, though 
his year extends over 669 days, and his seasons in 
the northern hemisphere are unequally distributed 
in the following proportions: — Spring 192 days, 
summer 180, autumn 150, and winter 147 days. 

Mais is only about twice the dimensions of the 
moon^ and little more than half the size of the 
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^arth. In Fig. 5 if the circle E represents the eaith, 
then M is the proportionate size of Mars. 

Though no satellite had formerly been discovered 
accompanying Mars in his revolutions, it was con- 
jectured that one might exist, but of such small 
dimensions as to elude the greatest jxjwer of our 
telescopes. Being a very small planet, it was a 
natural inference that his satellite must be propor- 
tionately minute. Tliat it had never been seen, 
was not conclusive proof of its non-existence, and it 
was further argued that the analogies of the solar 
system strongly suggested that Mars might have a 
moon, because satellites have been apjuu'ently sup- 
plied to the planets in increasing numl)ers, os they 
recede from the sun ; and if the analogy held good 
in the case of Mars, ho must be provided with two 
satellites, seeing that his orbit lies outside that of 
the earth, which jwssesses one moon; yet such 
bodies, had they any existence, had evaded detec- 
tion through the long lapse of nearly three centuries 
since the invention of the telescope. It was hardly 
to be expecteil that the old astronomers, with their 
impeiiect and rudely-devised instruments, would 
over catch a glimpse of them, but in more recent 
times it was difficult to see how the gigantic miri'ors 
of Herschel,, Bosse, and Lassell, or the large object 
glasses of Bond in America, and of the eagle-eyed 
Dawes in England, had failed to render them visible, 
though the keenest scrutiny had been directed 
Hg€dn and again, to the planet’s side, with that 
object in view. These failures brought discourage- 
ment. Evidently an increase in telescopic power 


was needed, or what was of equal importance, a 
very favourable position of Mars must be awaited, 
before the discovery of his moons could be looked 
upon as feasible. 

Now it was known that in 1877 the planet 
would be singularly well placed for such observa- 
tions, and Profesfior Hall, of the Naval Observatory 
at Washington, having a very fine refracting 
telescope of twenty-six inches aperture under his 
direction, resolved to make renewed search for the 
suspected satellites, though at the very outset he 
confessed to a want of confidence as to success. 
Ijooking at the mass of negative results obtained by 
skilful astronomers in the jmst (especially by Sir 
W. Herschel in 1783, and D’ Arrest in 1862 or 
1864) he bad little hope of the I'calisation of his 
desires. Nevertheless, the search was begun early 
in August, 1877, and several small stars of the 
ordinary character were seen near the planet. On 
August loth, Professor Hall commenced to look in 
the I’egion close around Mars, and envelopeil in 
the glare of his light, but nothing was found. The 
next night observations were resumed, and he 
ultimately detected a very faint object, which after- 
wards turned out to be a satellite of the planet, but 
l)efore he could secure a note of its position, a fog 
gathered up from the Potomac River and over- 
spread the sky; but on August 16th the satellite 
was recovered again, and on the ensuing night, 
while watching and waiting for its re-appearance, 
another yet fainter satellite was discovered, and the 
true chai-acter of the two obj(»cts being j)laced 
l)eyond doubt by further diligent observation, the 
facts of the discovery were announced to the 
scientific world. 

The names selected for the new bodies were 
Deimos (Terror) for the outer satellite, and Phobos 
(Fear) for the inner satellite. They are I’emarkably 
close to the planet, and revolve in very shoi’t 
periodic times. Thus Deimos is 14,500 miles dis- 
tant from the centre of Mai’s, and revolves around 
him in 30 hours 18 minutes; and Phobos, at 
a distance of 5,800 miles, revolves in 7 hours 
39 minutes. Tlie latter moon was at first a 
complete puzzle to its discoverer, for it would 
appear on different sides of its primary during the 
same night, and at first he thought there were two 
or three inner moons. To settle the matter, he 
followed this moon throughout the whole nights of 
August 20th and 2lBt, and learnt the. secret of 
its i-apidly varying positions. Revolving around 
Mars in about one-third of the time occupied by 
the planet in his rotation, its swift orbital motion 
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necessarily earned it from one side of the planet to 
the other at slioi*t intervals, and vlius presented a 
case beyond parallel in the solar system. 

Subsequently to their discovery in America, the 
moons were also seen by several observers in 
difierent countries. They are marvellously small 
and minute bodies, but their actual diameters 
cannot be definitely ascribed with any certainty, 
because they are mere s|)ecks of light incapable of 
measurement. Undoubtedly, these moons are the 
smallest heavenly bodies overdiscemed by the human 


to the eccentricity of the planet’s orbit, the dis- 
tance varies between 152,000,000 and 126,000,000 
miles. In Fig. 6, if s represents the position 
of the sun, and s 1, £ 2, £ 3, and b 4 the earth’s 
orbit, then h 1, m 2, m3, m 4, is the relative 
distance of Mars. At m the planet is in perihelion, 
and at m* in aphelion. Now when the planet ia 
near perilielion at the time of opposition, his dis- 
tance from the earth is at the minimum, and be 
becomes visible under very favourable conditions. 
His apparent diameter tlien subtends an angle of 


eye, and are solely objects for acute vision and about 23 seconds of arc, wheieas if the planet 


large telescopes, and even then will be lurely 
seen. In tlie autumn of 1879, Mars being 
in excellent {)osition, his satellites were 
glimpsed* again, but during the next ten 
years they will be utterly beyond the reach 
of the most powerful instruments ever con- 
structed, for the planet is too distant from 
the eai'th, and we must await the year 1892 
to hear of the re-observation of his moons. 

The discovery of two satellites attendant 
on Mars adds another link to the harmony 
of the solar system, for, so far as our 
telescopes arc capable of revealing, the 
number of moons furnished to the planets 
increase accordantly with their distances from 
the sun. ’flius the earth has one satellite, 
Mars two, Jupiter four, Saturn eight, and if 
this regular increase is maintained in the 
cases of the outermost planets, Uranus and 
Neptune, they must be accompanied by a 
numerous retinue of such bodies. It ap^iears 
highly prol)able that this is the case, as 
analogy suggests, though hitherto our tele- 



scopes have proved inadequate to the task of 
rendering them visible. 

Mars does not exhibit phases like the su])erior 
planets Mercury and Venus. It is evident that 
Lis orbit being exterior to that of the earth, he can 
never be seen in a crescent 8hai>e, though in certain 
positions he assumes a gibbous appearance, similar 
to the moon when she is near the full. Galileo 
recognised this feature in 1610, for on DecemW 
30th of tliat year, he wrote to his friend Castelli, 
oaying : ** I dare not affirm that I can observe the 
phases of Mars ; however, if I mistake not, I think 
I already perceive that he is not perfectly round.” 

The mean distance of Mars from the sun is, in 
lound numbers, about 139,000,000 miles. Owing 


comes into opposition at m' when in aphelion, tlie 
diameter is only 13 seconds, so that it is easy to 
understand why the successive apparitions of Mars 
are not all equally favourable, and why at certain 
epochs special efforts are made to obtain telescopic 
observations of his features. 

There is no other planet of the solar system 
which offers so close an analogy to the earth as 
Mars. Tlie telescope reveals to us the figures of 
broad tracts of land, and expanses of sea upon hi^ 
surface. The durations of his day and night almost 
coincide with our own. His exterior experiences 
the alternating changes of the seasons. His 
nights are illumined by two satellites, which present 
all the phenomena of our own moon, and more 


* The outer «teUite *» «en « earl, a. Sept«nber 22nd, velocity. An 

in the laise reflecting teleaoope of Mr: A.^Ooininon at atmosphere probably surrounds the planet, in fact, 
Maling. In October he found it plainly viflble. the existence of air is indispensable to bis other 
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features. Hence the inference that Mars is a 
habitable globe appears a very obvious and fair 
conclusion, and it would l)e inconsistent to imagine 
that this planet, provided apparently with all the 
requisite natural facilities to render life a necessary 
and desirable feature of his surface, is a sphere of 
desolation, a mass of inert matter, which, though 
conforming to the laws of gravitation, is otherwise 
serving no useful end, as the abode and sustenance 
of animate creatures. It is far more in accordance 
with analogy and rational speculation to conclude 
that Mara is the centre of life and activity, and 
that his surface is teeming with living beings. It 
cannot be that the sun wastes his radiant warmth 
upon a bleak and baiTen globe accompanied by 
two satellites that were merely devised to lighten 
the solitary as|>ect of his sea and landscape ! Nor 
can the sequence of his seasons, or the pleasant 
variety of day and night be given, with no intelligent 
creatures to mark and appreciate the wise and 
ever-recurring changes. Can we picture to our- 
selves a planet utterly void of life, whore the 
fitillness of death and desolation has absolute 
supremacy, where in the weird aurora of day-break 
no beings are aroused to activity, and where the 
sighing of the wind, amid the rolling of waters, is 
all that breaks the monotony of time 1 The undu- 
lating contour of hills and valleys is there, but 
the place is a wi'eck, and one might think that 
eai'thquakes had rent and shattered the rough, un- 
cultured condition of the surface. No vegetation 
is apparent, and none could subsist in that bleak 
and rarefied atmosphera, but the most impressive 
thing of all must be the solitary stillness of the 
surroundings. The wild character of the landscape, 
the cold attenuated air encomjiassing it, the mani- 
fest dearth on all around might be endurable, and, 
perhaps, tolerated for a time, but the absence of 
living creatures must exercise the most depressing 
influence of all. An unbearable sensation of lone- 
liness and horror must take possession of a human 
being could he survey the death-like aspect of a 
world akin to this, and he would turn shudderingly 
away from the picture. Such conceptions as these 
are, however, not only repugnant to our feelings, 
but in direct opposition to our views of the wisdom 
of the Creator, who in devudng the grand mechanism 
of the solar system, did not forget to endow the 
individual parts with many attractive and beneficial 
details. We must inde^ have limited ideas to 
doubt the extension of life to systems beyond our 
own, or to question their adaptability for its suit- 
able maintenanoe in some form or other. 
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An inhabitant on Mars will see the earth 
much the same aspect as we are accustomed to 
observe Venus. Our planet will appear succes- 
sively as a morning and evening star of considerable 
brilliancy, and attended closely by her satellite. 
Viewed in the telescope we shall exhibit phases, 
and so will the moon by our side, in which our 
exact image will be repeated, apjiearing sometimes 
as a slender crescent, then increasing until half the 
disc is enlightened, and finally becoming full. But 
the most interesting of celestial phenomena to the 
Martian inhabitants, if any exist, will be that 
presented by their two satellites, particularly 
Phobos, which, being less than 4,000 miles distant 
from the surface of the planet, may be scrutinised 
with great distinctness. Telescopes may reveal 
living creatures on either orl), for employing a 
power of 1,000 diameters, the objects common to 
the surface may be examined at an apparent 
distance of only four miles, from which might be 
detected all the more prominent features and 
characteristics. The outlines of buildings or trees* 
may be discerned, and even the recognition of living 
beings will be jiossible at this distance. If the 
planet and its nearest satellite are both inhabited, 
then the mutual employment of telescopic power 
must rasult in mutual recognition, and that would 
doubtless lead to tbe adoption of a jnethod of 
signalling, by which means a constant communica- 
tion might possibly be going on between the two 
orbs. But these points are purely matters of 
s]:>eculation. 

The earliest recorded obseiwation of Mara found 
in ancient history, is that quoted by Ptolemy in 
his Almagest^ wherein the date is given as the 52nd 
after the death of Alexander the Great, and the 
476th of Nabonassar’s era; on tbe morning of tbe 
21st of the month Athir, the planet was observed 
slightly above, but very approximate to the star ^ 
of Scorpio. The dates correspond to the year no. 
272, January 17th, at IBhrs. on the meridian of 
Alexandria. There was an occultation of Jupiter 
by Mara witnessed early in 1591, but that was just 
before the invention of the telescope, and the 
phenomenon may have been a very near appulse 
only of the two bodies. In any case the occultation 
must have been a partial one, because the apparent 
diameter of J upiter almost invariably exceeds that 
of Mars, and the occurrence ought more correctly 
to be described as a transit of Mars across 
Jupiter, as suggested by Chambers. It was un* 
fortunate that at the epoch of this occurrence, the 
telescope had not come into use, for some important 
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observations might possibly have been obtained as 
to the atmosphere of Mars. 

Opixmitions of Mars afford a method (quite inde* 
pendently of transits of Venus) of deriving the value 
of the solar paiallax, and hence the sun’s distance. 
That this element should be very exactly deter- 
mined, is of extreme importance, inasmuch as it 
affects other celestial measurements. The Astro- 
nomer Eoyal called attention twenty years ago to 


the fact that the opposition of Mars in 1677 would 
offer an eminently favourable occasion for observini 
Mars with a view to finding the sun’s distance. 
This had been ascertained at 92,400,000 miles fitmi 
a pai*allax of 8''*8455 obtaiiied fn>m the transit of 
Venus in 1874 by the British observers, and Mr. 
Gill finds from a preliminary discussion of his 
recent observations of Mars at the island of 
Ascension, a parallax of 8'’*78.* 


VISIBLE SOUND. 

By Professor F. R. Eaton Lows, M.A., Ph.D., etc. 


OT the least amongst the many marvellous 
results of modern scientific investigation is 
the employment of optical means for demonstrating 
the nature of sound. Before the time of Ohladni, 
who, towarils the end of the last century, disco vei'ed 
the method of exhibiting the phases of motion in a 
vibrating plate by means of siind strewn upon its 
surface, it would have been deemed 8im[)ly unin- 
telligible to assert that musical sounds could be 
distinguished through any otliei* nietlium than that 
of the ear. Even in our own day there are many 
whose knowledge of acoustics has been derived from 
works published little more than twenty ye-ars ago, 
who would be equally snqnised to leani that the 
eye, and not the ear, constitutes by far the more 
sensitive and delicate sound analyser. The inge- 
nious device of Chladni was obviously inapplicable 
in the case of rods or stiings; and it was not 
till neai'ly thirty years afterwards that Dr. Young 
employed a beam of light to illustrate the vibration 
•of a pianoforte wire, and was therefore the first to 
introduce the optical method of giving visual 
expression to sound. Dr. Young, however, who 
•died in 1829, could liardly have foieseen the extent 
to which the method which he had the distinguished 
merit of originating would be develo|)ed by his 
successors at heme and abi*oad ; for nearly thirty 
years more elapsed before Wheatstone and Tyndall 
in England, and Helmholtz, Melde, and Lissajous 
on the Continent, independently, and almost con- 
temporaneously, devoted their special attention to 
this branch of physics, and by the use of the electric 
lamp as a source of illumination, and concave 
mirrors to reflect a pencil of light from the sounding 
body upon a screen, produced the most beautiful 
And startling results. By the aid of the very simple 
apparatus used in performing these experiments we 


may shut our ears while a musical note is sounding, 
and still recognise the continuance of the sound 
which has become inaudible to us. We may even 
measure mathematically the intensity of such 
sound — an oj)eration of which the ear alone is 
incapable ; all its phases of crescendo and deores- 
cendo are rendered visible as a lengthening and 
8hoi*tening band of light; and if another note be 
sounded at the same time, the interval produced by 
the combination is represented by a^ luminous 
figure whose form is constant for the same interval 
under the same conditions. The slightest deviation 
from* purity in tone is marked by a cliangc in the 
figure, and its outline may be caused to undergo 
the most beautiful and varied modifications by 
simply altering the pitch of one or both of the notes 
under examination. Before proceeding to discuss 
in detail the physical laws involved in these 
exj)eriment8, it will be nocessaiy to notice the 
mechanical device of Ohladni for exhibiting the 
vibrations of plates, because it not only ranks 
first in order of discovery, but re^ ealed, new and 
quite imexpected acoustic phenomena of primary 
impoiiance. 

Chladni employed square or ‘ round plates of 
metal or glass, supported horizontally w^ii stands, 
to which they were clamped either at the centre or 
near the edge. The sm*face of the plate being 
blackened, and fine white sand scattered over it, a 
well-resined violin bow was briskly drawn across 

Mart, and auooeeded approximately in determining it at lew 
than 10", The French toon after declared that they had found 
the tame, for they had witnetted Mart occult the itar Y 
Aquarii on October Iti, 1672, and the meaturw taken by three 
ohtervert, enabled the late M. le Venier to re>ditetiti the 
obtervationa, and derive the tolar parallax at *> 8"‘866» 
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its edge (Fig. 1). The sand was immediately thrown 
into mpid movemmit by the vibration thus set up, 
and finally arranged itself into a perfectly symme- 
. trical figure, some- 

// times assuming a 

beautiful stellar form, 
at others exhibiting 
a system of conoen- 
trie circles or semi- 
ciides; while in the 
wm Qf gqiiaro plates, 

lines running parallel 

Pig. Plat« supported ^ ^ 

diagonals, were seen 
to intersect to produce a check or chess-board 
pattern. Li shoH, the number of patterns which 
could be obtained was found to be almost in- 
finite, as they were affected by a variety of 
circumstances, such as the points struck and 
damped, and the sha^^e, thickness, aiid density of 
tho plates. Some idea of their varied character may 
be formetl from the subjoined engraving (Fig. 2). 
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Fig. 2.~>Chladui’s Flatea. 


sides (a). On drawing the bow across its edge at 
b, near one oomer, all the sand collects along twa 
lines intersecting in the centre of the plate, thus 
dividing its surface into four ______ 

squares of equal size. These two I 

lines are the 7iodal lines, or lines 1 

of no vibration. It will be re- 
membered that when a musical I 

string vibrates it divides itself I 

into segments, separated from ** '* 

each other by nodes, or points of b.ation or rmte 
no vibration. The same law ^ntr© of one edge! 
holds good with our plate, but in 
this case it is clear that the segments cannot be 
se|>arated by points, but by lines, which neces> 
sarily meet at the point where tlie vibmtiou is 
checked by the clamp, that is to say, in the centre 
of the plate. When a plate or strip of metal or 
glass vibmtes, its centre alternately rises and falls 
below its ordinary level. Now tliis happens to 
each of the four squares into which our plate has 
been divided by tlie aggregation of the sand, and 
the nodal lines always separate seg- 
ments having op^xisite vibmtions, 
so that in the case of any two 
contiguous squares, one is rising 
I while the other is falling. It follows 
from this that the number of seg- 
ments must always be even. We 
cannot have less than four, which is 
the simplest mode of division, and 
yields the fundamental or deejiest 
““ note of the plate, but we may have 

six, eight, ten, twelve, or more seg- 
ments, yielding notes which lie- 
come shriller in pro|K)rtion as the 
sub-divisions become multiplied, 
and tlie con'esponding sand figurcis, 
1^0^ therefore, are more complicated. 

Chladni had noticed that a glass 
plate clamped at the centre emitted 
sounds of diflTerent pitch, according 




Chladni himself tells us that his discovery was 
suggested by an experiment of Lichtenberg, who 
demonstrated the electrical condition of an elec- 
trified resin plate by a powder strewn upon its 
suiiace. 

The laws regulating the production of Ohladni’s 
sand figures will be best understood from an exami- 
nation of some of the simplest forms. Commencing 
with squaro plates, we will take one clamped at the 
Centro (Fig. 3), and damp it by lightly touching it 
with the finger at the middle point of one of its 


to the place where the glass was struck. He was 
unable to account for this phenomenon till he waa 
fortunate enough to hit upon the device which 
bears his name. It then became clear that in 
proportion as tlie number of segments increased 
the rapidity of the vibrations was augmented, and 
thus the sounds, whose production had so much 
perplexed him, were found to be governed by the 
same law as that which had ali^eady been estab- 
lished in relation to musical strings, rods, and 
pipes. The reader may remember in the case 
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of a gtretched wire we can cause a node to form at 
any point by damping that point with a feather 
or the finger-nail, and that, if we 
damp the wire at one-third, or one- 
fouiiih, or one-fifth of its length, 
J/IL we cause it to divide into three, 

JT four, or five segments accordingly. 

< ^ So, too, in our plate, any ]K>int we 

nl2i%uiS becomes the terminal i)omt 

atone corner. ^ nodal line, and by diminishing 

the distance between the point damjKMl and that 
struck we increase the number of segments into 

D r "ji which the plate is divided. 

Siiiipose we wish the sand XjjC 
'* collect along the diago- 
J nals of the squaj’e instead HHrE 
^ of lines pai'allel to its sides, 
t w as in the ex 2 )erinient just 

I' I ShowlnK vlhra- #• i i * i 

tionof nmcd?iini>r(i i)enormed I we have only 

Ht tw«» IHlinttl. * , 

to damp one of its comei*s 
\iiy Fig. 4), and agitate the middle i>oint (/>) of one 
side with the bow, and the sand, with life-like 

0 sensitiveness, dances along the disc 
and finally settles down in the 
dcsirei-l i^ositions, from wliicli it 
cannot Ik? forced by any furthtu* 
excitation at the same |Mjint. We 

6,-showin.r pri. yielded by 

pljf^te is not the same as beioi’e, 
stciorn. ^ above it. We can, if we 

please, damp moi’e than one point, as at a and b 
^Fig. 5). On applying the bow to the i>oint c, on 
opi>osite side, a no<lal curve will 
l>e formed on each of the four shies 
in addition to the diagonals as 
Y before. A more acute note indi- 

cates the increase which has 
Fig. r,-showitig occurred in the nuiulier of seg- 

w’roiiU divinKtii of . 

piftTc Intel Aix ments. 

Seotemu m • 

lurniug from square plates to 
round ones clamjied at the centre, we find that the 
43mallest number of segments is still four (Fig 6). 

By setting the plate in vibrntioii 
I at a point forty-five degi’ees from 

the jKiint damjied, we cause the 
r^TjBTy sand to collect along two of the 
I jy' diameters, and by striking the edge 
thirty degi'ees distant we obtain 

Flg.«.-Sbowln» , ^ . 

the next division of six segments 
(Fig. 7). Pixxjeeding in this way, 
■we next divide the circle into eight equal sectors, 
producing the beautiful star represented in Fig. 8. 
Besides these nodal lines in the direction of their 


VIg. 6,--Showtng pH- 


Fig. «.7-Sbowln» 


ludii, ciixnilar plates can be made to exhibit at 
the same time another system of nodal lines 
concentiic with their oircumfei'enoe. These are 
pi'oduced by an impulse communicated to the 
centre or surface of the disc instead of the edge. 
A convenient way of producing them is to solder a 
plate to a metallic rod, and to strip or excite the 
rod longitudinally with the reained fingers. Some 
of the sand figures resulting from the combination 
of the two systems of vibrations are repi'esented in 
Fig. 9. The thickness of these plates will affect 
thoir relative rate of vibmtion, for if one disc is 



.d; 
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Fig. 9.— Chladni’s Sand : Circular Plates. 

twice as thick as another it will vibi*ate with twice 
the rapidity ; but the diameter aflects the rate in 
an inverse pro|K)rtion, for if onci plate has twice 
the diameter of another of the same thickness, 
it will vibrate with only one-foui’th the rapidity. 
In technical language this law is thus expressed 
T/ie rate of vibration in plates is directly proper^ 
tional to their thickness, and inversely proportionai 
to the sqmire of their diameter, 

Befows leaving these interesting sand figui-es of 
(yhladni, we may add that the ex periments involve 
little manipulative skill, and « 

may be conveniently peifomied 
in a drawing-room, where they 
cannot fail to entertain even 
those who have little inclination 
for scientific pursuits. 

The figures may be tiiins- 
ferrod to gummed i)aper — which 
should bo black — and preserved 
in our cabinets for subsequent 
examination. 

C/oming now to the moi'e 
strictly optical |>art of our sub- 
ject, the kaleidophone of 8ir 
Charles Wheatstone fii*st claims 
our attention. It is an ingenious device for 
rendering apparent to the eye the jjath described 
by the end of a vibrating rod, and is a much 
simpler piece of apparatus than its long Greek name 
would lead us to imagine. It consists of a steel 
rotl finnly fixed into a massive brass stand (Fig, 
10). To its free end is attached a small glass bead 
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silvered within, so that when illuminated by a 
lamp a bright spot of light is thrown upon a screen 
placed in front of it. When the rod. is set in 
motion the spot elongates into a brilliant line of 
light, whose length is regulated by the amplitude of 
the vibrations. A large convex lens, supported on 
Ihe summit of a stand, is usually placed before the 
reflecting bead, so that a magnifled image is depicted 
upon the screen, and all the eflbcts rendered visible 
to a large audience at once. It is eai^ to improvise 
a cheap form of kaleidophone by flrmly fixing a 
knitting-needle into a vice, and sticking a silvered 
bead upon its summit. A candle, or, still better, an 
Argand burner, surrounded by a shade having a slit 
in it, to i>ermit the light to issue in one direction 
only, can be used as a source of illumination. On 
drawing aside the rod or knitting-needle, and 
liberating it, the bright line of light at first formed 
will be seen to change its form, gradually becoming 
more and more curved till it is resolved into a 
circle. As the vibiutions slacken the changes are 
gone thi*ough in the reverse order, till the straight 
line again appears and contracts to the dimensions 
of the onginal 8]X)t, indicating that all motion has 
ceased. When the exjieriment" is successfully per- 
formed, and a strong light concentrated upon the 
bead, the dissolving figui'es arc of exquisite sym- 
metry, the light playing along the siuface of the 
screen in luminous ripples, the beauty of which 
cannot be adequately described, or eflectively repre- 
sented on pa])er. The various tiunsitions from a 
round spot to a circle indicate the existence of 
•movements in the rod, the nature of wliich could 
iiardly have been understood before the optical 
method of analysis was discovered. If the move- 
ments of the rod were confined to one plane, it is 
•obvious that its free end could describe nothing but 
s, ouive analogous to tho path of a pendulum ; but 
Wheatstone has made it evident that the I'od also 
vibrates at right angles to the plane in which it is 
first set going. The result of the combined motions 



Ffff. 11. — Siiiiiouii Liii« 
moribed by Kaleldo- 
phono. 


is the production of an ellipse, 
which Olsens out into a circle 
when the secondary vibrntions 
are i)erforming their widest 
excursions out of tho principal 
plane; when the vibrations arc 
made to succeed one another 
with siifl^cient rapidity to pro- 
duce a musical sound, a sinuous 
curve is projected upon the 


screen (Fig. 11). This demonstrates the existence 


of partial vibrations superposed upon the primary 


one. The rod must therefore vibrate segmentally, 
exactly as a stretched string, having its nodes and 
consequent harmonics in addition to its fundamental 
tone. We can damp a rod at any point and cause a 
node to form, as in the case of the string, but we 
cannot produce the same 
succession of harmonics. \ | / 

From experiments by Pro- \|/ 

fessor Tyndall it appears / \ 

that the first overtone of / \ 

a rod fixed at one end is } 

I / 

to the fundamental note as \ / 

25 to 4 : by which ratio is 

meant that the first har- 9 

vibmtes with 
times the rapidity of the 
fundamental 

The segmental division I 

of a rod sounding its first H 

harmonic is shown iii Fig. mm Jl 

12, and its appearance when 
projectwl ui)on a semm iu 
Fig. 13, where we observe 

a spbidle-sha[)ed segment sunnounted by a fan, 
U^chnically termed a semi-ventral segment. As the 
rod is not fixed at its up))or end, it is deal* that 
whatever Ije the division of the rod, that 
extremity must always constitute the 
middle of a vibrating segment ; and if 
it were friio at both ends and held in 
the middle, we should have two of these 
fan-like semi-segments instead of one. 

The same thing occui’s in an ojien organ- 
pi|)e, whose ojHjn end constitutes tlie 
widest part of a vibrating segment, i 
The vibration of a rod free at both ends 
is shown in Fig. 14. It maybe held or 
fixed at a and 6, which will constitute 
the two nodes, and any point between i»7iwnV 

. , . . » , , , iJodBoimdfng 

the two being struck, the rod will be uinSlSc. 
divided into two half segments, with a 
whole segment between them. Bods of both kinds 
are used in certain musical instruments. Tho reeds 
of the harmonium and concertina, and the metallic 
toiiffues of tlie musical ui i • ! 

box, are rods fixed at 
one end, while the 
strii>R of glass or metal 
employed in the har- 
monica arc rods fi’ee at both ends. In the mufdcal 
box, brass tongues of different lengths, yielding 
a consecutive series of notes, are placed in a 
row like the teeth of a comb, and their ends are 


ihmwD tar 
lutd Boniidfiiff 
itB first 
Uanunnic. 


Fig. 14.— Shadow thrown |jy vibrat- 
iag Bod froc at l>oth ends. 
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lifted by pins inserted upon a roller. The pins are 
so arrang^ on the barrel as to strike in succession 
the tongues emitting tlie desired sounda A similar 
anangement is adopted iii the French street pianos, 
which, in London and elsewhei'e, have almost driven 
out of the field the baiTel-organ, whose music did 
not always prov*e a source of unmingled satisfaction 
to the public at large. 

In the harmonica the points to which the glass 
or metal strips are attaclied form the two nodes. 




Fig. 16.>-SjUeidophoiiQ Figure«, 

and when the hammer is applied to any }x>int 
between these, the vibrations which follow take 
the fonn i-epresented in Fig. 14. A large number 
of beautiful and complicated curves can be pit)- 
duced by the Kaleidophone, their variety dejwnding 
n[K)n the length of the rod, the place wheixj it is 
struck, the smartness of the stroke, and other cir- 
cumstances. A few of these figures ai-e shown in 
Fig. 15. One of the most striking nietliods of 
exhibiting sonorous vibrations we owe to M. Kbnig, 
the distingui.shed acoustician of Paria His appa- 
ratus is know'll as the Flanie-nui'nometer, and con- 
sists of two hemis]»herical ca|)sules, A and B (Fig. 

IL 1* 





Fig. 16.- Kdnig*fi Manometer. 


16), closely fitted together, all connection lietween 
the two being cut oflf by a thin elastic membrane. 
Into capsule a is inserted a jet or burner, c, which 
is fed by gas inti-oduced into the chamber by the 
pipe D. Into the ca))sule b is inserted tlie acoustic 
tube E, which is furnished with a funnel-shaped 
mouth-piece for collecting and concentrating sono- 
rous waves from any sounding body placed in front 
of it Any sound transmitted through the tube 


will act upon the elastic diaphragm, and set it m 
vibration. The vibrations will be communicated to^ 
the gas in the capsule a and the jet c. When the^ 
gas is ignited the fiame will synchronise with th& 
vibrations set up in the chamber from which it ia^ 
fed, and Jump up and down with more or less- 
rapidity, according to the intensity of the sound. 

This instillment ia 
eminently adapted 
to the study of vocal 
sounds. We can sing: 
or Bjieak into the 
trumj^et-like moutli 
of the Tnammeter, 
and the sensitive 
fiame will imme- 
diately commence its 
dance, in the time 
and motion of which 
we have a measure 
not only of intensity, but of pitch. The move-^ 
ments of the flame cannot readily be followed or 
examined by the eye alone ; its imago is therefore 
leceived ujxin a plane mirror, 
or piece of ordinary looking- 
glass, which is caused to revolve. 

When the apimratus is not in 17. - Flame of 
action, and the flame, conse- 
quently, quiescent, the etfect of 
the revolution of the miri-or is to produce a con- 
tinuous band of light. It is a well-known prin- 
ciple in optics that visual impressions remain on 
the retina for the tenth of a second after the 
exciting cause is removed 
if, then, the images of the 
flame are marie to succeed 
one another at intervals oF 
time less than the tenth of a 
second, tliey will coalesce and 
form a continuous luminous, 
baud. Now, if the fiame is 
set in vibration by a musical 
sound the band will be broken 
up into a series of beautiful 
fiery tongues, which become more or less crowded 
together in proportion as the pitch of the note is- 
raised or lowered and the rate of rotation of the 
mirror is varied (Fig. 17). The amngement for ex* 
hibiting the flame images is shown in Fig. 16, where^^ 
a is a rectangular box, having its four sides faced 
with looking-glass. A motion of revolution is im- 
parted to the ^x by turning the handle 6. The same 
efifect may be produced in a much simpler way by 
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«ttaoliing A string to each comer, and holding their 
free ende between the huger and thumb. The 
twisting and untwisting of the stiings produce the 
aeoessary rotation. Discontinuous bands of this 
kind may also be observed when singing flames 
enclosed within tubes are examined in a similar 
manner ; and Professor I^ndall has shown that the 
|)henomenon is due to the rapid extinction and re- 
kindling of the flame. The extinction is produced 
by its own pulsations, and the instantaneous re- 
kindling is effected by the heat still left in the 
non-luminous gas. llie dark spaces between the 
tongues corresi)ond to the periods of extinction. 


In one of Tyndall’s brilliant experiments, |)erfonned 
with apparatus of unusual magnitude and excel- 
lence, a large circle of these flame images was pro- 
jected upon a screen by means of a concave mirror; 
and on bringing a syren into unison with the note 
omitted by the flame, and reading the number ex- 
pressed on the dial, it was found that the flame had 
been extinguished and re-lighted 453 times in a 
second. ^ , 

A very beautiful method of illustrating optically 
the vibrations of tuning-forks has been devised by 
M. Lissajous. Itk salient feature is the attachment 
of a small metallic mirror to one of the prongs of 
the fork so as to vibrate with it. A beam of light 
may then be thrown upon the little mirror and 
reflected upon a second mirror flxed iipon a stand 
or held in the hand, from which, by a second re- 
flection, it may be received on a screen at several 
yards’ distance. A straig^ band of light will then 


be depicted upon the screen, whose length will be 
regulated by Uie amplitude of the vibrations. 
When the tuning-fork is struck the line will be 
longest, because the prongs are then i)erfanning 
their greatest width of swing, but as the departure 
from equilibrium becomes less, the line shortens, 
and when the motion is altogether expended a 
motionless spot of light alone remains. 

The reader will not fail to notice the parallelism 
between the methods adopted by Lissajous and 
Wheatstone for giving optical effect to sonorous 
vibrations. A silvered bead might be affixed to the 
tuning-fork, but a mirror is a much more manage- 
able agent than a bead, and affords us the means 
of diverting a reflected pencil in any dilution. 
The complete apparatus of Lissajous for exhibiting 

the vibmtions of a 
single tuning-fork is 
represented in Fig. 
18. A tuning-fork 
mounted on a reso- 
nant case has a small 
mirror attached to 
the extremity of one 
of its prongs. On the 
other prong there is 
a metal counterpoise, 
which is necessary to 
restore equilibrium 
and secuio regularity 
ill the vibration. It 
must be underatood 
that the forks em- 
ployed in these ex- 
periments are much larger tlian those oixlinarily 
used by musicians, as the oscillations of forks 
making 256 vibrations per second are so minute, 
that the optical effects could not be rendered 
visible to a large audience. Those executing sixty- 
four vibrations in a second are better adapted to 
experiments in optical acoustics, as tliey are twice 
the size of the C tuning-forks, and emit a note 
two octaves below them. 

A lamp (a) is surrounded by a dark chimney, in 
which is a small hole, allowing only a narrow 
pencil of light to issue. By this means the room 
is kept darkened, the only dispersion of light 
taking place in the direction of the ceiling from 
the oriflee of ]bhe chimney. The beam of liglit is 
received upon the vibrating ininw surmounting 
the foA, from which it is i*eflected to the fixed 
mirror (b), and thence to any part of the screen 
wo please. Instead of employing a second mirror, 



Fig, 18.— LiMajouB* Apparatiui for sliowing ribration of a siagle Tiuihig'fork. 
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we may view the spot of light on the screen directly 
by the eye itself. An achromatic lens (o), fixed 
upon a pedestal, is used to project a magnified 
image upon the screen (d). A lens of any diameter 
and any degree of convexity may be fitted to the 
stand, and its distance from the tuning-fork so 
adjusted as to give the necessary degree of con- 
vergence to the beam. When the fork is set in 
vibration Uie prongs alternately approach and 
recede, and as the little mirror is affixed to the 
face of one of them, the beam must be tilted 
iiltemately up and down, producing a vertical 
luminous line on the screen. If, while the fork is 
still vibrating, we j)arfcially rotate it on its axis, 
and thereby cause the mirror to move sideways, 
the straight line will become a sinuous one, in 
accordance with tlie princijde already explained 
of the [>ersistence of impressions upon the retina ; 
for as we move the beam from one side of the 
sci-een to the other, its image throughout its suc- 
cessive displacements will remain fixed on the eye, 
and a wavy line is the result. By this elegant 
method of analysis we can represent optically the 
combined vibrations of two tuning-forks. We 
have simply to allow the reflected i»encil from 
one fork to fall upon another similarly furnished 
with a miiTor, and we shall get a line which will 
be longer or shorter than that obtained from one 
fork alone, in pro[K)rtion as the vibrations of the 
two forks coincide or oppose each other, or, in 
other words, differ in phase. Suppose, for instance, 
when the two forks are agitated, the prongs of 
one approach, while those of the other recede from 
each other, it is obvious that the mirror of one fork 
will tilt the beam upwards, while the second mirror 
will tilt the reflected beam downwards ; the two 
motions will neutralise one another, and the lumi- 
nous line will be at its minimum. To express the 
same fact in more technical language : if the two 
forks pass their position of equilibrium at the same 
moment, but in opposite directions, the reflected 
image will be at its mixiimum, and if they pass at 
tlie same moment in the same direction, the image 
will be at its maximum. 

The most important application of the method of 
Lissajous, however, is to the detennination of the 
mechanical resultant produced by the combination 
of two vibratory movements acting at right angles 
to each other. The optical experiments illustrating 
these movements are not only very instructive 
from their physical bearing, but highly interesting 
in a musical sense ; for M. Lissajous has shown us 
how to represent musical intervalB by beautiful 


luminous figures, which undergo striking changes: 
of curvature when the deviation from purity of 
tone is so minute as to be scarcely recognisable by 
the ear itself. Thus, two notes in unison, exhibited 
optically, present us with a circle; when the in- 
terval is an octave we have the figure 8, and 
when the notes are separated by a fifth we obtain 
a figure composed of three loops. To produce these 
marvellous results two tuning-forks are employed^ 
as in the last experiment, but one is fixed hori- 
zontally, while the other remains in a vertical 
position, so that their vibrations take place at 
right angles. The forks vibrating independently 
would consequently throw upon the screen two 
luminous bands, at right angles to one another. By 
the combined action of the forks the two straight 
lines become converted into a curve. To render 
this intelligible, let us look into the philosophy of 
a common pendulum. If we push the bob of a 
pendulum out of its plane while it is swinging, it 
is clear that it will describe a path which will be 
compounded of the two motions imparted to it. 
The form of this new path will depend on the 
degree of obliquity given to the pendulum in 
pusliing it aside and the rapidity of its oscilla- 
tions. If the pendulum is impelled in a direction 
exactly at right angles to the plane of its motion, 
and the rate of its oscillations in each direction is 
the same, the figure described will be a circle ; but 
if it moves twice as fast in one direction as in the 
other, that is to say, if the rates of vibration are as 
1 : 2, tlie path pursued will be a double curve, each 
curve cutting the other at the point of equilibrium. 
This vibratory combination gives us the figure 8, 
or what geometricians call a lemniseata. By aug- 
menting the difierence 
between the rates of 
motion we obtain long 
ellipses, and an endless 
variety of parabolic and 
other curves can be pro- 
duced by thus causing a 
pendulum to oscillate in 
two directions at the 
same moment There 
are several methods by 
which this object may 
be accomplished. One 
of the 

arrangements for giving 
graphic expression to the composition of motions 
is known as Blackburn’s Pendulum (Fig. 19). It 
consists of a double cord, which may he attached to 



most ingemous 
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any two flxod points, a and h (Fig. 19). Both cords 
are run through a sliding weight (c), and stretched 
by a heavy brass bob (d), below which is a style for 
the purpose of recording the resultant motion upon 



Fig. 90.— Siiigl««oord Pe&dulum for tracing Compound OsoUlationa. 

paper suitably prepared. It is evident that the 
portion of the cord above the weight c can only 
oscillate at right angles to the points of suspension, 
while the portion below 'it can oscillate indepen- 


20. In this case the cord, instead of passing 
through a weight, is allowed to drop between two 
parallel rods (a, 6), about an inch asunder. These 
rods, of course, permit a motion in one direction 
only to the cord above, while that below can 
vibrate freely in any direction. 

We are now in a better position to understand 
the theoiy of Liasajous’ luminous figures. His 
arrangement for fixing the tuning-forioi is refm- 
sented in Fig. 21. In other respects the iqiparatus 
is similar to that already described. Wh^on the 
forks are in unison, and the vibrations are conse- 
quently as 1:1, the figure on the screen when fully 
developed will be a circle, just as in the case of 
our pendulum oscillating in two directions at right 
angles in equal times. The figure always i^etains 
the same form when the notes are in unison, no 
matter what the pitch of the note may be, provided 
that the amplitude of the vibrations is the same 
for both forks, and decreases in the same ratio. In 
performing these experiments it is not easy to 
cause the forks to correspond in phase, or, in other 
words, to start them at the same moment, in the 
same direction, and with the same force of percus- 
sion. The difference in phase will make itself 



Fig. 91«— LttSAiotni* Appaeatob por BHOWiaa covsivai) Visbatioitb of two Turivo-fobis at eiost Arolib to rack otbir. 


dently in any direction. The resultant motion may apparent by a change of curvature in the figure, as 
be tiiMjed by the style upon pai>er sti-ewn with sand in Fig. 22. When the notes yielded by the tuning- 
or covered with lamp-blaok. Another arrangement forks are separated by an octave we obtsdn the 
for the purpose, still more simple, is shown in Fig. or double curve 8, as. we did in the 
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pendulxun experinc^ntB when the vibrations in the 
two directions were as 1:2; for we have already 
learned that a tuning-fork emitting a certain note 
vibrates twice as fast as another sounding an octave 



Fig. 22.-*Ltuniiiotui Figures produced by two Notes in unison. 


below it. The cMerence of phase in this case is 
also seen by distortions of the figure upon the 
screen (Fig. 23). When the notes are separated 



Fig. 23.— Luminous Figures produced by two Notes an Octane 
apart. 


by a fifth, and the rates of vibmtion are as 2 : 3, 
we get the curves shown in Fig. 24. It will be 
noticed that they bcscome more complicated as unison 



Fig. 24.— Figures produced by two Notes a fifth apart. 


is departed from and the intervals become smaller; 
and when the interval is a second only, the 
luminous figures become so intricate that it is 
difficult to unravel the numerous convolutions which 
interlace across the screen. If we load one of the 
forks with a piece of wax or any light substance, 
80 as slightly to lower the i*atc of vibration, and, 
consequently, throw the fork out of tune, the 
figure will at once become unsteady, and continue 
to move irregularly from side to side till the vibra- 
tion altogether ceases. The method of Lissajous 
also furnishes us with the means of giving optical 
expression to the beats which occur when two notes 
nearly in unison are sounded together, and which 
are described in Vol. II, j). 304, of this work. The 
interference of the sonorous waves in tliis case is well 
exhibited in the disturbance of the luminous image, 


which oscillates synchronously with the beats, so 
that, with the figure before us, we can count their 
number without hearing them. When we know 
the number of beats we can arrive at an estimate 
of the extent to which the two notes depart from 
unison ; for if six beats are heal'd, or optically 
represented, there must be a difference of six in 
the lutes of vibration. 

Suppose we employ two C tuning-forks, making 
each 256 vibrations per second, and by loading one 
of them, so as to reduce the rate to 250, we shall 
then observe six beate, and so on. When there are 
no beats the unison is known to be perfect. When 
an electric lamp in connection with a jwwerful 
battery is em})loyed instead of an oil lamp, the 
effects are extremely brilliant, the luminous scrells 
having the apparent solidity of white hot metal. 

We cannot now speak in detail of singing fiames, 
which dance to the beats. They are simply gas jets 
enclosed within tubes, generally of glass, and the 
sounds are produced by the pulsations of the air as 
it jMisses up and down the tube. Tubes of different 
length emit different sounds with these flames, as 
they do when a blast of air is simply propelled 
through them ; and it is possible to armnge a series 
of singing fiames sounding all the notes of the 
gamut, and thus to construct an organ of tire, 
whose music may be put out by simply turning a 
stopcock. There are also sensitive naked flames, 
or those which do not require enclosure within 
tube.s. But the bare mention of these must for the 
present suffice. Enough lias probably been said to 
indicate the extent of the comparatively new rela- 
tionship which has been established between two 
sciences foi-merly dissociated. The tendency of 
modem smentific pregress is to dmw closer the bond 
of union between different departments of physical 
inquiry. Music has been brought more completely 
within the range of physical investigation, and 
what was once cultivated as an accomplishment 
and source of mere sensuous enjoyment is now a 
legitimate subject of study to the natural philoso- 
pher. The field, however, is not yet wholly explored 
in this direction. Tim famous physicists whose 
names we have more than once had occasion to 
mention, and who have made the science of sound 
what it is, are still at work, and we may expect 
tliat ere long acoustics will occupy a still more 
prominent |)osition amongst the sciences, and that 
optical methods of analysis will be employed in new 
dilutions to produce novel and startling results. 
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THE TORPEDO. 

By thb lats H. Badbm Pjutchaku, F.C.S., 


T he modem torpedo represents so many varied 
applications of science that a study of it is 
interesting, if only for the fact that it illustrates 
practically certain philosophic laws with which the 
student is familiar. Much relating to chemistry 
and physics, and particularly to electricity — induc- 
tion, conductivity, electric heat, and magnetism — 
receives practical exemplification in torpedoes of 


, WoolwicK, 

account of these petards, which were sent against 
our sailors, we are told that they were set afloat too 
soon, and would have drifted harmlessly away to sea, 
had not a boat full of British tars caught sight of the 
machines, and given chase, in order to capture one 
of the “Yankee notions.” This they evidently 
succeeded in doing, for the end of the matter was 
that boat, crew, and petard suddenly disappeared at 



Pig. 1.— Th« first Torpedo, lurented by Fulton in 1805. 

the present day, the development of which seems to 
have gone hand-in-hand with the advancement of 
science. It is only of late yeara, indeed, since 
tlie invention of such explosives as gun-cotton and 
dynamite, and the employment of electiicity in 
connection with these, that submarine warfare may 
be termed a branch of applied science. But that 
our readers may thoroughly understand the action 
of these modem weapons, it will be necessary for 
us, in the first place, to say something about tlieir 
histoiy. 

It would be hard to say when the first torpedo, 
or “infernal machine,” was employed in naval war- 
fare. The awkwai’d machines sunk by the Russians 
in the Baltic and Black 8ea, at the time of the 
Crimean War, will still be fresh in the memory of 
many ; but we may go back even to the end of the 
eighteenth century for examples of maiine explod- 
ing weapons. Floating charges, or “petards,” as they 
■were called, seem to have been used against the 
British ofi* Philadelphia about that time ; and, as 
with some of the improved apparatus of the present 
day, Mends appear to have been more frightened at 
the machines ikaxx were the foes. In a strange 


one and the same moment, and wore seen no more. 
Tlie next step in torpedo science also emanated 
from America. Fulton, the well-known engineer, 
who was the first to navigate a steamboat, believed 
thoroughly in tlie impoitance of submarine fighting, 
and he it was who cliiistened sunken charges by 
the name of “ torpedo.” This was about the year 
1805, and it was his idea to throw a harpoon at the 
hostile vessel, much in the same way as a whale was 
at that time struck, except that Fulton anticipated 
modem whaling practice by employing a huge blun- 
derbuss for the firing of the harpoon (Fig. 1). To 
the harjxion was attached a rope, and as soon as the 
former was lodged safely in the hidl of the enemy, 
a huge torpedo, also made fast to the rope, was 
launched overboard. The torpedo naturally drifted 
towards the stricken vessel, and, on bumping against 
the latter, exploded. There is a letter from Fulton, 
still extant, in which he dwells with much em- 
phasis on the future of the torjiedo, and which, read 
by the liglit of to-day, appears almost prophetic. 
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After detailing the success of his steamboat voyage 
to Albany and back, a distiince of three hundred 
miles, which was covered in sixty-two hours, and 
the advantage that was likely to accrue to his country 
fi*on\ the use of steam as a projtelling agent, he 
says : — ** However, I will not admit that it is half 
so im^)ortant as the torpedo system of defence and 
attack, for out of this will grow the liberty of the 
seas, an object of infinite importance to the welfare 
of America and every civilised countiy. But 
thousands of witnesses have now seen the steam- 
boat in rapid movement, and they believe— -but they 
have not seen a ship of war destroyed by a torpedo, 
and they do not believe. Wo cannot expect j>eople 
in general to liave a knowledge of physics, or power 
of mind suflicient to combine ideas, and reason from 
causes to efiects. But in case we have war, and the 
enemy's ships come into our water, if the Govern- 
ment will give me reasonable means of action, I 
will convince the world that we have surer and 
cheaj>er inodes of defence than they are awai*e of.” 

The Biissian torpedoes planted in the Baltic 
may be described as the first in which chemical 


a 



Pig. 2.~-Riissian Chemical Torpedo employed in the Baltic. 

^L®.“*^”*^**’* OurlJlattriK Cy]lnd<*r Kwinirlng on Trunn)nn«, ee; (d) OlMe 
Tube contain! ng Hnlnhuric Arid; (ae) Chamber contnininii Chlorate of 
Potatb and Sui^; m Fino Grain Gunpowder for Iblmer. The Sanimer 
when struck moves Oscillating (blinder, which breaks Olaas Tube. 

science played a part. They were canisters of gun- 
powder, containing besides a mixture of chlorate of 
potash and sugar, together with a glass tube filled 
with sulphuric acid (Fig. 2). A ship striking a 
toq)edo of this kind would most likely give a blow 
Bufi&cient to break the glass vessel, when the sul- 


phuric acid falling upon the potash and sugar, at 
once produced, by an energetic chemical reaction, 
heat sufficient to ignite the gunpowder^ There 
were seveiTil objections to these toriiedoes* In the 
first place, when they were once sunk, they were 
obviously as dangerous to fiiend as to foe ; while, 
at the same time, to keep water out of a cylinder 
immersed in the sea is almost an impossibility. 
On gunpowder becoming damp, as everybody 
knows, it at once loses its virtue as an explosive ; 
but, besides this, the Hussian torpedoes were so 
small, that under any circumstances, there was 
little danger to appi'ehend from them. 

We have made a wonderful stride in torpedo 
science since the days of the Russian infemal 
machine. Electricity is now employed as the filing 
agent, and explosives have been discovered which 
are not only more violent in their action than gun- 
powder, but, unlike that material, do not sufifer by 
contact with water.* 

The fii*st instance on record of employing these 
modern explosives in conjunction with electricity 
in a system of torpedoes, was on the occasion of the 
defence of Venice in 1859. At that time the 
Austrians hatl possession of the city, and feaiing 
the Italians might seek to approach it from the sea, 
the engineer officoi*s entrusted with the defence of 
the place resolved to plant the harbour and channel 
with electrical toi’pedoes (Fig. 3). The method 
adopted was so simple and ingenious that we must 
not omit to describe it. At a piominent spot, over- 
looking the harbour, was built a large camera obscura 
similar to tliose which may be seen at many sea- 
side resoi*ts. Tills camera ohsc%bra refieoted the 
“ fair waters ” of Venice upon a large white table, 
and every movement upon their placid surface was 
visible in the picture to those watching within. 
Some heavy charges of gun-cotton, which were to 
constitute the torpedoes, were now sunk in diflferent 
parts of the harbour, each case of gun-cotton having 
attached to it electiic wires, which led to the shore. 
The torpedoes were numbei’ed consecutively, and 
the wires attached to them brought up into the 
camera ohsenra. As one charge after another was 
sunk, a sentinel in the camera watched the opera- 
tion, and made a pencil mark on the camera table 
at the spot where the torpedo disappeared. A 
row boat in the harbour described a circle round 
the sunken toqiedo, to indicate the zone of its de- 
structiveness ; and tlie sentinel watching this boat, 
made a iX>rreHponding little circle with his pencil 
in the picture on the camera table. In the end, 
* See “ Soieno© for All,” VoL Xt, p. 328. 
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waa to be eeesL in the camera checura a 
picture^ or map^ of the harbour, together with a 
group of little eiroles, each numbered, to indicate 
where torpedoes were sunk. Moreover, at hand 
was a bundle of electric wires leading to the several 
torpedoes, which were thus placed under the con- 
trol of the sentinel. His duty was to watch the 
approach of a hostile vessel, and so soon as he saw 
it get within one of the circles marked in the pic- 
ture, he would proceed at once to explode the 



the torpedo, while ten others were injured* The 
Confederates were particularly clever in obstructing 
channels and rivers with submarine mines, the 
vessels destroyed belonging for the most part to the 
Federal navy. The charges w§re sunk in lines, 
opposite certain land-marks on shore, and being 
connected by electric wires, could be fired at any 
opportune moment. A sentinel waited until the 
ill-fated vessel was ci’ossing the line of torpedoes, 
and then with a single movement of his hand 
depressed a key, and brought about the dreaded 
explosion. 

The Federal Admh*al Poiicr brought his squadron 
safely through a chain of these torj^edoes by the 
adoption of a clever ruse. He biiilt himself a 
dummy monitor of logs, with chimney-stack and 
turret complete, and sent this craft in advance of 
his ships. He knew the river was planted with 
toipedoes, but was naturally ignorant of the precise 
locality of the chai'ges. The squadron was ordered 
therefore to sail in Indian file one after another, 
all taking the same channel. Admiral Porter's 



Pify. 8 . —Tki First Quh-cottoti Elsct&ic Torpkwo, sHri.0T£D at Venicb, 1869, 
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particular torpedo by means of its particular electric 
wire. 

One of the advantages of this optical system, 
was that the waters themselves apj^eared perfectly 
unprotected and with no sign of obstruction ; but 
it is a method that will answer, of course, only 
by daylight. As soon as night comes on, the picture 
in the camiera obscura is no longer visible, and the 
whole arrangement fails. 

It was in the American war of 1861-4 — Robert 
Fulton was certainly a prophet — that the elective 
toi*pedo was for the first time thoroughly tested and 
proved* During the period of that sti'uggle, no 
less than twenty-five vessels of war fell a pi*ey to 


ex|iedient succeeded. As soon as the log monitor 
was over the chain of sunken charges, these were 
immediately exploded, and the craft destroyed, but 
the squadron following close in the wake, managed 
to escape without injury, and the admiral ran the 
gauntlet without the loss of a single war-ship. 

Since that day the science of submarine mining 
has steadily progressed, and we have at the present 
moment several varieties of moored electric torw 
pedoes. There are toq)edoes ignited from shore, 
torpedoes which tell when they are touched by an 
enemy, and torpedoes which have “intelligence'* 
enough to explode by themselves when struck; 
There is, too, this great advantage with on electric 
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torpedo. Under ordinary circumstances it is but a 
sunken buoy or harmless log upon the water, in 
which condition it I'emains, so long as the waters 
are not threatened by an enemy; but upon his 
approach, by the simple turning of a switch, the 
charges may instantly be infused with electric life, 
and thus formed into a barrier that is not to be 
passed with impunity. 

The ignition of a charge by electricity is a very 
simple matter. Priestley and Franklin suggested the 
employment of electricity for firing gunpowder 
a hundred years ago, and submarine explosions 
brought about by electric agency were cei'tainly 
known at the beginning of the centuiy. The blow- 
ing up of the wreck of the Royal George at Poris- 
mouth, was probably one of the first applications of 
electricity to this end, as our readers are probably 
awai'e. Before the use of an electric wire, it was 
no easy matter to light a charge under water. It 
was usually done by loading up a metal tube from 
the gunpowder below, to the surface of the water, 
and then dropping down this channel a ladleful of 
red-hot sliot or heated fragments of iron. The latter 
not unfrequently cooled in their descent down the 
tube, and for this reason often failed to effect their 
pur[X)se, while the vicinity of the operatore to the 
explosion was another not less serious dmwback. 
With a wire and an electric battery at one’s 
disposal, there is not much difficulty in igniting a 
charge of gunpowder or other explosive. It is 
usually done with a wire-fuze attached to the end 
of the conducting wire, the fuze being inseiiied 
inside the charge. This wire-fuze may be said to 
consist of a cut wire, the ends joined together again 
by a bridge of platinum thread. Its object is to 
convert the electric fluid into heat, and this is done 
by offering an opposition to the jmssing current. 
The wire from the shoT*e to the torpedo is of copper, 
which is a famous conductor of electricity; and so 
long, therefore, as the cureent passes along the 
copi)er, no rise in temperature is noted. But 
platinum, unlike coj)per, offers very great resistance 
to the passage of electricity, and the consequence 
is, that, as the current goes over the little bridge 
of fine platinum wire, this is heated to redness. 
Supposing the red-hot platinum to be in contact 
with gunpowder or gun-cotton at the time, there 
will naturally enough be an explosion; and this 
explosion may therefore be brought about at any 
time that you clioose to send a current of electricity 
a’ong the wire connecting the torpedo with the 
shore (Pig. 4). 

The wire-fuze is found to be better still, if instead 


of platinum, an alloy of platinum and iridium k 
employed for the tiny bridge. It is the simplest 
method of applying electricity to the firing of charges, 
but there are others fuzes not lena efficient There 
is the Abel fuze and the Beardslee fuze, for instance 
(Fig. 4). The latter consists simply of a bit of wood, 
into which the ends of two wires are thrust : one sur* 
face of the wood, that at which the two wire heads 
appear, is perfectly smooth, and instead of connect 



Fig. 4.-.Electric ; 

(A) Hi‘ad of Bcardaloc' fuze (ur. Heads of Klectiie Wires; b, Pencil-mark 
iH'tween Wln*»: e, Wires leading to Battery. (B) Slmide wire-fuze:— «ia, 
Coi>per ConducuuK Wires; &, Flue Platinum Wire, heated ^Blectric Cur- 
rent. (0) Abel fuze aa. Electric Conducting Winm ; W», Wires In Fuze ; 
c, PhoHphidt* of CoMter (Xunimsltinu into which the heads of Wires dip ; d. 
Ouniwwder. 


ing the wii’es together wdth a platinum bridge, the 
oj^rator simply draws a line between them with a 
black-lead i^encil. The j>encil-mark consists of tiny 
pariicles of graphite, and the electric current or s^mik 
passing between the wires, reises the particles to a 
high tem|)erature. The graphite thus heated by the 
resistance it offere to the electric current ignites 
a sensitive comj)ound in the neighbourhood, and 
thus fires the torpedo. In the Abel fuze, a moi’e 
delicate substance — a phosphide of copper composi- 
tion — is employed at the poles or heads of the wires 
to genemte heat and bring about explosion. 

Tims, in an electric toqiedo, when once our fuze 
is fitttjd therein, we have simply to take care that 
an electric cuiTent shall arrive at an opporiune 
moment to explode it But this electric current 
must be of a certain nature, or it will fail to do its 
duty. The Abel fuze or Beardslee fuze, which is 
fired, so to si)eak, with a spark, requires a different 
kind of electiicity for its action from that neces- 
sary for the wire fuze. In the former case, wo 
must have recourae to “ high tension ” electricity, 
in the latter, to ** low tension.” A voltaic batteiy 
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evolve* ‘‘low tension” electricity, and is suitable 
for the wire fuze, but a battery made up of metal 
plates, and involving the use of acids, h an 
awkward apparatus to oaiTy about and employ as a 
warlike implement ; this is why our military and 
naval men hesitated for some time to bring the wii'e 
fuze into general use. Colonel Verdu, a Sjmnish 
officer, seems to have been the first to endeavour to 
do without the wire fuze, and he made many 
exj^eriments with a view to ascertain whether gun- 
|X)wder could not be ignited by a spark, or “ high 
tension” electricity. With a Ruhmkoi*ff coil, 
Colonel Verdu succeeded so far as to fire several 
charges simultaneously in this way, but it was not 
until the late Sir Charles Wheatstone and Professor 
Abel joined hands in an investigation of the subject 
that it was brought to a practical head. Mr. Abel, 
as we have said, devised a “ high tension ” fuze, and 
Wheatstone constructed a portable magneto-electric 
machine for firing the same. 

One of the first electric firing machines made for 
warlike purposes was for the China war in 1860. 
This was a very clumsy afiaii*. In shape aiid size the 
ap^mrutus looked like a baker’s barrow, which con- 
tained a monster horse-rfioe magnet ; a big arma- 
ture was attached to the magnet, and the sudden 
separation of armature from magnet gave rise to 
a curmit sufficient to fire an Abel fuze. Shortly 



5.— Wlieatitose Exploder, 


afterwards this monster barrow gave place to a 
neat mahogany box measuring about twelve inches 
across, which contained half a dozen powerful mag- 
nets, in the field of which the armatures were made 
to revolve (Pig. 5). By turning a handle swiftly 
enough energy was generated from this Wheatstone 
exploder to fire twenty charges at a time, the wires 
branching off in all directions from the instrument. 
Since then further progress has been made, and we 


are now in possession of magneto-electric machines, 
termed dynamo instruments, capable of evolving 
low tension electricity, and therefore fit to liie wire 
fuzes ; it is for this reason that the latter have once 
more come into favour with our military and naval 
authorities. 

Perhaps the best proof we have of the defensive 
power of electric torpedoes was afforded at the 
time of the Franco-German war of 1870, when the 
French fleets, only second in might to our own, 
were kept at bay by the well-constructed submarine 
defences of the Germans. 8o rigidly was the coast 
of the Fatherland guarded, that the French ships 
of war hardly ventured within sight of shoie 
during the whole period of the struggle. A know- 
ledge of chemistry and physics, or, in other w^ords, 
modern explosives and the science of electricity, 
combined to paralyse the whole of the French 
navy, and allowed the Germans to concentrate 
their energies upon their army. Dynamite waa 
the siibstance chiefly employed in the German tor- 
pedoes, and they were for the most jmrt chiefly 
arranged so as to be exploded at will from the 
shore. But l)eside8 these, the Germans devised two 
kinds of self-acting electric torpedoes. The first 
was fired by means of a circuit^loser arrangement 
(Fig. 6). The tori)edo-charge contained an electric 
fuze, as usual, of which one pole, or wii*e head, was 
connectf'd with a battery on shore ; the other pole 
of tlie fuze was connected with an insulated plate 
at the head of the torj^edo. Over the top of the 
toqiedo was 8])read an iron cage or guard, some- 
thing of the foi*m of an oj>en umbrella, supported 
on a central pivot, and this umbrella, on being 
stinick by a ship or other floating object, swervetl 
bodily round, a movement that brought it into 
metallic contact with the insulated plate we have 
mentioned. In this way the insulation was for the 
moment removed, and the current fn>m the electric 
battery passed unimi)eded through the fuze, when 
explosion, of coui'se, immediately followed ; for, as 
we know very well, no cun*ont can pass unless the 
electricity has free circuit. Tlie principle of the 
torpedo was therefore to have the circuit incom- 
plete, in which condition it remained until touched 
by a passing vessel ; a blow on the guard completed, 
or closed, the circuit, and then the current being no 
longer impeded, fired the fuze. In the other 
torpedo, known by the name of the Herz torpedo, 
the electric batteiy, as well as the fuze, was con- 
taine<l in the submarine mine itself. The battery 
inside the torpedo was, however, dry, and therefore 
impotent under ordinary circumstances; but aa 
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soon as it was struck by a passing vessel, liquid 
rushed into the battery, which, being thus set into 
action, was capable of exploding an electric fuze. 

Another form of electrical torpedo is that by 
means of which the Turkish monitor was blown up 
on the Matchin canal. The chai’ge in this case, about 
50 lbs., is borne at the end of a long pole, which 
projects fi*om the bow of a swift torpedo launch. 
The launch is run full tilt at its victim, and as soon 
as the chai'ge touches the enemy, it is exploded by 


means of a fuze in the manner we have pre%’iously 
indicated. The employment of torpedoes in this 
fashion is fraught with considerable danger not only 
from the enemy, but from the explosion of your 
own toi'pedo, which, if not skilfully manipulated, is 
just as likely to work the destruction of ^e launch 
as that of the hostile vessel. 

Gun-cotton and dynamite, we have said, are far 
better adapted for submarine explosions than gun- 
powder, not only because they do not suffer from 
contact by water, but because their action is four 
or five times more terrible than that of the older 
explosive A moored torpedo containing dOOlbs. 
of gunootton or dynamite will blow in the bottom 


of an ironoJad, if the latter happens to be within 
forty feet of the charge; or, in other words, a cushion 
of water forty feet thick is insufficient to defend an 
ironclad from iiyury. But terrible as they are, the 
new explosives are endowed with a weakness that 
is not shared by gunpowder. The latter, speaking 
generally, can be exploded only by spark or flame ; 
tlie new explosives may be detonated by vibration. 
If you have a long tube with a chai'ge of gun- 
cotton at either end of it, and detonate one of the 
charges, the vibration tmns- 
mitt^ tlirough the tube will 
explode the second charge. If 
you place the two charges near 
one another in water, you do 
not want a tube, the water it- 
self serving to cariy the vibra- 
tion, and in exploding one of 
the chai’ges the other will follow 
suit as a matter of coui*8e. 
This cm*ious fact has been 
eagerly seized upon by our 
naval offOicers, and by its means 
we have elaborated an efficient 
system of defending oui-selves 
from torpedoes, termed counter- 
mining. 

We have hitherto spoken of 
toiqwdo waifare from an oflTen- 
sive standpoint ; countermining 
permits us in a certain measuro 
to annul the terrible effect of 
modem toi’pedoes. It is well 

such is the cose. Torj^edoes 

charged with dynamite or gun- 
cotton, and endowed with elec- 
tric life, are the most deadly of 
weapons, and of a kind, more- 
over, against which the sailor 
has been for some time powerless to defend 
himself. Poor Jack does not mind coping 
with a visible enemy, no matter how formid- 
able it may appear ; but it is rare indeed that 
he can be induced to enter a channel or haH>our 
whero he expects to be blown up every moment. 
It is gratifying to learn, therefore, that science is 
just as ready to stand his friend as his enemy, and 
is able to provide him with a means of defending 
himself against the lurking torpedo. 

To the .Danish navy belongs the credit of having 
initiated the science of countermining. In institute 
ing a series of experiments with dynamite submarine 
mines^ it was found that the vibration caused by the 
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explosion of one oharge nuMced to bring about the 
ignition of those in the neighbourhood. A torpedo 
containing ISOlbs. of dynamite sunk in ton feet of 
water exploded a second charge of the same kind 
at a distance of 300 feet. That is to say, the sea- 
water conveyed the vibration a distance of 300 feet, 
and at the end of that journey the disturbance of 
the water molecules was still so great as to bring 
about the explosion of another tori)edo. In explod- 
ing a lighter charge, the vibration does not travel 
so far, while in the caso of heavier charges the dis- 
turbance of the water will naturally travel a longer 
distance. The depth at which the cliarges are 
ignited has, as a matter of course, also an influence 
on the result; but, by experiment, it has been 
possible to draw up u table of distances which 
answer for all practical purposes, and with these 
data to go upon, the operation of countermining is 
not a very difficult one. 

It is quickly explained. A captain desires to 
approach a hostile coast planted with torpedoea If 
he touches any of these he will most assuredly be 
blown into the air, and his object is therefore to 
explode them with impunity to his ship and crew. 
He knows that if he himself ignites a heavy charge 
of dynamite under water, the vibration caused by 
the shock will have the efiect of exploding all other 
similar charges within a radius of 300 feet, the sea 
being the medium whereby the vibration is trans- 
mitted on all sides. This, therefore, he proceeds to 
do. He has a steam-launch hung around with 
cotmtermining charges, and this goes on before to 
clear the way. At an interval of, say, every 250 
feet, a countermine is sunk and exploded, and in this 
manner the captain is enabled to make his way slowly 
but surely. But is not this operation of counter- 
mining a service of some danger 1 it may be asked ; 
and would not those on board the steam-launch run 
considerable risk both from the enemy’s charges 
and their own 1 Most certainly ; if there happened 
to be anybody on board the countermining craft 
he would be in a very dangerous position ; .but there 
is no need fortunately for any such risk. Electricity 
once more comes to our aid, and by its means we 
are enabled to guide and steer our launch, without 
putting a single man on board of her. The launch 
is connected by electiic wires to the vessel in her 
wake, and from the latter the launch may be 
steered without difficulty. In firing the torpedo, 
as we have shown, we employ a magneto-electric 
machine converting magnetism into electricity, but 
for steering the countermine launch, we employ 
eleotrioity to generate magnetism. In the launch, 
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the two ropes controlling the rudder are ooUed 
round two movable metal drums, and so long' as 
these drums are free to revolve, the rudder-ropes 
remain loose, and the launch proceeds in a straight 
line. Either of the metal drums, the one on the 
right or the one on the left, may, however, be at 
any moment held fast and prevented from revolving 
by a powerful electro-magnet ; and when one drum 
is so fixed the rope coiled thereon will be checked, 
and the rudder in this way turned for a long or 
short time, according to the duration of the electric 
current. The electro-magnets in the launch are 
connected by electric wires to the vessel following, 
so that any one having control over the wires can 
steer the launch how and where he pleases from the 
deck of the war vessel behind. In like manner 
electric wires load to tlie engine-room of the launch 
to control the engines, which are stopped and set 
going by electric agency without difficulty. The 
Americans have devised several self-steering 
launches of this character. 

But electricity, useful as we have shown it to be 
in torpedo science, is endowed, like our modern 
explosives, with a failing that sometimes plays sad 
havoc among submarine mines. What our readers 
know by the name of induction,” is a soiu*co of con- 
siderable weakness occasionally in tor^^edo defence. 
An insulated body charged with electricity, brought 
into the neighbourhood of another insulated body 
causes the latter to be charged with electricity also. 
Now, in the case of the insulated wires leading to 
torpedoes wo have bodies that are capable of being 
cliarged by induction, and hence it follows that 
explosions are liable to occur from this cause. When 
high tension fuzes are employed, the tendency to 
explosion by induction is, according to Gorman 
authorities, much greater than when wire fuzes 
are used, while, again, electricity from a frictional 
machine (whether of ebonite or glass) is peculiarly 
liable to set up induced currents in neighbouring 
wires, and thus to explode other torpedoes l>eyond 
that whose ignition it is desired to bring about. 
Electricity in the atmosphere will also induce 
electricity in sunken torpedo-wires, and thus cause 
accidental explosions, although we are bound to say 
that such things are of rare occurrence. 

In conclusion, we ought perhaps to say a word 
about the Whitehead or Fish-torpedo, which has 
attracted a great deal of attention. The fish ” is a 
purely mechanical instrument, but so ingeniously 
constructed that it appeal's to be endowed almost 
with human intelligence. Indeed, it has been 
said of this class of torpedo, that it can do weU-nigh 
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everything but talk. The fish is a oigarnshaped 
tube, some dozen feet in lezigtli, and divided into 
three poHions. Its head contains the explosive 
— gun-cotton or dynamite — with which it attacks 
the foe, the charge d(;tonating as soon as the nose 
of the torpedo strikes an obstniction. The centre 
of the machine consists of a stout reservoir, in 
which atmospheric air is compressed to the extent 
of 600 lbs. on the Rquai*e inch, so that an elastic 
foi’ce is here stoi*ed up which serves as the motive 
power for the torpedo. Behind tlie reservoir is the 
machinery of the torpedo, set in motion by the 


compressed air escaping from the reservoir. The 
Bsh is BO contrived that it will swim at any desired 
depth, but is usually made sufficiently buoyant 
to doat about eight feet from the surface. It 
proceeds in a j:)erfectly straight line, if unaffected 
by tide or current, and is aimed front a tube much 
in the same way as a rocket. The Sims torpedo is 
controlled from the shore, where the electricity by 
which it is propelled is generated. The Whitehead 
must be chai'ged by an air-pump. Neither has as 
yet been very successful in actual warfare, thougli 
theoretically almost perfect 


TASTE. 

By F. JEFriiEY Bell, M.A., F.R.M.8., 
Profemor of Coinitaralive Anatomy in King's College, London, etc. 


I N a previous article* we dealt with Touch, which 
is, perhaps, tlie most generalised of all the 
senses ; we now propose to deal briefly with the 
phenomena which are associated with tho 
sense of Taste. We shall tii^st direct iitUjn- 
tion to the functions of the gustatory organs as 
exhibited in ourselvi^s, for thc?se are the most 
interesting to all of us ; and, inasmuch as we 
know most about them, this is the easiest way 
of commencing an essay on the subject. At 
th(} same time, it is right and miceasary to 
call attention to tlie fact that the discussion 
of sensation-experiences is one of the most 
difficult of the many difficult questions with 
wliich the physiologist lias to do. 

As before, let us commence with a few 
anatomical considerations : — The cliief, though 
not the sole region with which are connected 
tlie s[)ecial end-organs t of the sense of taste, 
is that muscular organ, the tongue, which is 
of so great assistance to us in masticating 
our food, and in giving utterance to our 
thoughts. On the siu*face of this tongue 
thei*e are to be distinguished a number of 
more or less minute projections, which are 
known generally as papUhi. Of these some 
are comparatively large (Fig. 1, cv), and are 
surrounded by a wall of the soft mucous 
layer which invests the muscular body of 
the tongue: it is in consequence of this arrange- 

* “Science for AU,*' Vol. II., p. 304. 
t It Wag pointeil out in the article on Touch, that “ end- 
orgauB ” were necegsary for the appreciation of what happens 
outaide ourselves. 


mont they are called circumvalkite pcLpillx* Others, 
which are smaller, and form a rounded cap 
at the upper extremity of their narrower stalks 


Fig. l.~Pigure of the Upper Surface of the Tongoe. 

Cirranj vallate I^apllhe ; (/), Funglfonn J^apllle. 

(whence they are called fung\form) are more 
numerous than the circumvallate papillae, of which 
there are npt more than twelve (and rarely so 
many) on the human tongue. There still remains 
a third set of yet smaller processes, which are so 
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delieate aB to have received the name of thread- 
like, or papillae. 

The papill© consist essentially of a layer of 
flattened “ epithelial ” cells investing a mass of 
“ connective ** tissue, and containing in their midst 
a number of bulb-liko bodies, which appear to be 
the proper end-organs of the nerves of taste (or 
gustatory nerves) ; these bulb-like, or flask-shaped 
bodies open on the surface of this epithelium ” by 
a circular gustiitory pore, which forms, as it were, 
the orifice of the neck of the flask (Fig. 2). If we 



Fig. 2.— (a), Taste Bulbs of the Rabbit; (B), Transverse Section 
through Taste-folds of the Babbit. (After Engelmann,} 


compare what obtains in a number of animals, we 
find that the ta^ste-bulbs vary considerably in their 
more intimate chai*acters ; but it is not necessary 
for us to enter into the details of the arrangement 
of their several parts. It is sufficient to know 
that they are chiefly found around the sides of the 
circumvallate papillce, though they are also to 
be found upon the fungiform processes. In their 
essential characters they are thus constituted ; they 



ca). Beporato Cells i (ft), a TMtc-oell with Covering Cells. 

are made up of two different kinds of cells, — of 
these the outer or covering cells are elongated 
bodies filled with a clear protoplasm, which are not 


connected with nerve-branches j they are of pretty 
much the same breadth throughout, exhibiting only 
considerable diminution of size at those points at 
which they approach the neighbourhood of the 
above-mentioned gustatory pore ; the inner cells, 
which are technically known as gxiAtaUmj^ are long 
and thin, and have a bi*oader outer and a much more 
delicate inner process (Fig. 3). On the circumvallate 
|>apillss, they are to lie found only in those {lortions 
which are guarded by the fold of mucous membrane 
which forms, as it were, a rampaH around them ; 
on the fungiform papillce they are more sparsely 
distributed, and from those tlie filiform papillie 
are to be distinguished by the presence of a 
number of more or less stiff hairs wliich, taking 
the place of the covering of specially modified 
epithelium found on the other papillie, seem to 
afford to them the power of assisting in the masti- 
cation of the food, just as much as (if not, indeed, 
much more than) in detecting the sensations of 
taste wliich the food, taken into the mouth, 
excites. 

Let us turn now to the second agents in sen- 
sation, to the nerve-branches which are especially 
connected with the taste-bulbs ; these wo will dis- 
cuss before we pass on to consider the somewhat 
more difficult question os to the special nerves by 
which these branches are connected with the brain; 
or, in other words, with that reasoning organ * 
which aids us in forming our judgment, and keeps 
a register of the sensations experienced in the past. 
Fine nerve bmnehes, aided by rounded, oelMike 
“ganglia,” pass off from the larger iieiwe-trunks 
into eacli papilla ; breaking up, and forming a 
meshwork, or “ plexus,” beneath it, the connecting 
strands of nerve fibre then pass on into it, and 
make their way towards the surface ; careful as 
the observations have been on the part of tlmso 
who have examined into this subject, with the 
most elaborate assistance that modem methods of 
microBcoj)ic research afford, they have not yet been 
able to make out in all their details the relations 
which subsist between the more delicate nerve- 
fibrils and the gustatory cells. 

When we come to the question as to what is the 
proper nerve of taste, we find it necessary to make a 
few observations on a subject which has not yet been 
trejited of in this serial; from that great mass of 
nervous and other tissue which, in man, constitutes 
the brain, there are ordinarily said to be given off, 
on each side, twelve distinct nerves ; some of these 
nerves are specially set apart for the purpose of 
* “ Science for All,” Vol. II., p. 807. 
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acting on the muscles of the face, or on the muscles 
that move the eye-ball, othei-s give to the brain indi- 
cation of what is affecting the skin of the face, and 
others send some fibres to organs as far away from 
tlie brain as the heaH, the lungs, and the stomach. 
Now, all those great nerves which arise from 
the spinal cord give off two branches, one of which 
has the duty of conveying to the spinal cord and so to 
the brain, the results of affections of the end-organs 
— and these are sensory nerves; others have for their 
function to convey what may well be called mes- 
sages from the bmin to the diffei-ent muscles of the 
body, and these are the rnotor nerves. When we 
examine those branches wliich are given off directly 
from some part of the brain itself, we find that 
the great majority have only one function; the 
“first” supplies the organ of smell, and is an 
ofjwitory nerve, the second supplies the end-organs 
of the retina (where are placed the special bodies 
by which we primarily get our sensations of light 
and colour) ; the third, fourth, and sixth imlrs are 
motor nerves only, and go to the muscles which 
move the eye-ball ; while the eighth, in the same 
way, sup{)lie8 the ears and is the auditory nerve. 
Leaving aside the rest, with the exception of the 
fifth, let us consider in a litth? more detail, its more 
especial characters (Fig. 4). Sir Charles Bell, to 
whom we owe the foundations of our knowledge of 
the difference lix^tween sensory and motor nerves, 
admirably expi'essed its function when he spoke of it 
as being the “ spinal nerve of the brain.” This fifth 
nerve has, in firm, two brunches, one sensory and 
one motor, as the just-mentioned physiologist was 
the first to demonstrate. In addition to this, the 
larger branch, which is the sensory division, has, 
just like the srmsory roots of the ajrinal nerves, a 
gcmglion near its root ; it is this upper jrortion 
which supplies tlie tactile organs of the optic 
region and of the face, of a considerable jrortion 
of the mucous membrane which lines the mouth and 
the regions lying beyond, as well as of the tongue. 
To this latter organ it also sends branches for the 
supply of the special end-organs of taste ; but this 
is not all that it does, it supplies further, by its 
lower or motor* half, the muscles which act in 
maatication, so that in addition to being the nerve 
for tactile and for gustatory sensations it is also 
important as assisting us very largely in manduca- 
tion. Long thought to be the sole nerve of taste, 
it is now known to supply all the parts of the 
tongue nearest the tip, while another cerebral 

* In connection with this subject, eoe “Science for All,** 
Vol. I., pp. 174-180. 


nerve (the ninth oi those that arise from some 
region of the brain) in addition to its other duties, 
supplies the hinder region of that organ. 

Putting aside the, important lessons which may 
be derived from the distribution just now veiy 
briefly described, we may learn, with regard to 
the subject that we have more particularly in 
hand, that the sense of taste is to be distinguished 
from the other three senses — ^those of smelling, 
seeing, and hearing — with the organs for which 
cerebral nerves are connected, by the feet that it 
has no special nerve appropriated for its use only. 
In other words, we cannot speak of a nerve of taste 



Pig. 4. —Fifth Pair of Nerves. 


in the same way as we can speak of an optic or an 
auditory nerve. 

It will be unnecessary for us to enter into any 
account of the general distribution of the ninth or 
“ glosso-pharyngeal ” nerve. Its name, indeed, will 
indicate this sufficiently enough to those who know 
that “gl6ssa” is the Greek for tongue, and that 
the pharynx is the liinder portion of the cavity of 
the mouth ; it will be sufficient to reiieat that the 
branches from it which supply the taste-organs of 
the tongue are sent oidy to the more posterior 
portions. 

When we come to analyse the sense of taste, vre 
find another kind of difficulty in our way ; this 
sense of taste is so closely associated with that of 
smell, that it is, at times, difficult for us to be able 
to discriminate between the effects of these two 
sensations. We have all seen the refined gommand 
who smells the wine on which we aak his opinion* 
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and we all know, to our comfort, that the more 
disagreeably-tasting drugs, which are imposed on 
UB as a pumidiment for our own imprudence, are 
less nasty when we take them for a “ cold in the 
head*' than they are at any other time. How- 
soever, it is possible to distinguish four sets ; there 
is the bitter, the acid, the sweet, and the salt ; and, 
as Professor Bchiff has |)ointed out, these are 
pi'obably the only proper names to apply to what 
are truly sapid substances. The just-named phy- 
siologist, who has so greatly distinguished himself 
by his numerous researches into the various phy- 
siological piocesses of digestion, has demonstrated 
that what we call the taste of “oily** bodies is 
really a comjKDund sensation due to the sense of a 
diminution in the friction between the tongue and 
the soft palate, combined with a perception of the 
specific odour of the fatty body. In supjKJrt of 
this proposition, he points out that those happy 
individtials that are unable to 6mdl castor-oil, are 
also unable to taste it, while he directs attention to 
the experiments of Dr. Romberg, which have shown 
that in patients affected by the loss of the sense of 
smell or who possess it in a diminished degree, there 
is no sense of taste for any bodies which are not 
[mrely bitter, acid, sweet, or salt ; taking two simple 
examples, he states that ho imagines that the dif- 
ference in the taste of the almond and the chestnut is 
largely due to the difference of their odour, which, as 
we may fairly suppose, is dependent on the diflerence 
in their essential oils. Suflicient has been said to 
show that the sense of taste and the sense of smell 
are, in their essence, independent, but the relations 
which exist between them are, except for the more 
markedly sapid bodies, so intimate, that it may, 
perhaps, be as well to add another j)roof. The 
}K>int on which we desire to insist is, that the 
sense-organs of taste are really capable of exercising 
their function without any assistance from the 
sense-organs of smell, and we dwell upon this, 
notwithstanding the fact that very commonly a 
sapid body sends messages to the brain by means 
of both sets of organs, because we desire to draw 
especial attention to the proper characters of the 
terminal organs of the special senses. A conclusive 
case in point is ready to our hand in the observa- 
tions made more than a quarter of a century ago by 
an American physician. Dr. Hutchinson observed, 
that in a negro in whom the sense of smell was 
altogether lost, sapid inodorous substances were 
felt by the organ of taste in quite the ordinary 
manner; and this observation seems to be, of 
ilsel;^ a complete demonstration of the special 


value of the end-organs, on whicli we must not be 
thought to be insisting too much. 

The careful observations of certain foreign 
physiologists seem to enable us to give a pretty 
definite account of the regions of the tongue, which 
are conoemed in the sense of taste. The tip 
appears to be excited only on its under surface ; 
the upper surface is distinctly sensory in tlie 
posterior third only, and the edge is provided with 
a narrow band to which the proper sense-organs 
of taste are confined. The tongue, however, is 
not the only region supplied by the gustatory 
bittnches of the glosso-pharyngeal nerve ; and it is 
found that the hinder part of that portion of the 
roof of the mouth, which is known as the “ hard 
palate,” together with the adjoining region of the 

soft palate,” and the anterior pair of descending 
prominences connected with tliis latter (“anterior 
pillars of the fauces ”), are also capable of being 
excited by sapid substances. Our knowledge of 
the phenomena of gustatory sensations is still 
very far from being complete ; but this is, porhaj)8, 
largely due to a cause which, it is to be feared, can 
never be overcome, — namely, that sapid bodies to bo 
tasted must be soluble, and soluble bodies become 
largely spread over the whole area of the moutli^s 
cavity. There have, however, been sufficient ob- 
servations made to justify, to a great extent, the 
dogmatic assertion that sweet substances are 
most easily recognised at the tip of the tongue, 
acid at the edge, and bitter at the back. The 
renuukable results have been attained by the use 
of an electric current, as shall now be explained. 
When we take in one liand one end of a wire 
connected with a galvanic battery,* and apply the 
other end (“ pole ”) to the tongue, the sensation of 
taste is excited. When the so-called positive pole 
is placed on the tongue, we feel an acid taste ; and 
if the negiitive is placed on it, we feel tlie same 
sensation as is produced by an alkaline body. 
This observation was, in earlier times, explained 
by regarding the effect as due to a decomposition 
by the electric current of the salts contained in tlie 
saliva ; but it is now more reasonably supposed to 
be due to the influence of tlie electric current on 
the nerves of taste. Temperatures considerably 
lower than that of the body, or much liigher, 
diminish or destroy the sense of taste ; and the 
common fashion of adding ice, in these days of 
cheap wines, may, from a physiological i>oint of 
view, be not unfairly regarded as due to on un- 
conscious knowledge of this physiological fact. 

• “ Soie&oe for AU,” Vol. I., p. 46, and Vol. III., p. 51. 
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We have now attempted to dii*ect attention to 
the moi'e prominent facts connected with the sense 
of taste ; os to that peculiarl j disagreeable sensation 
of a long-continued taste in the mouth, nothing of 
value can be as yet suggested. And it now only 
remains for us to say a very few words about the 
gustatory organs of other animals than man. 
Little is definitely known as to the structure of 
the taste-bodies in the insects, although our ordiuaiy 
observations are sufficient to show us that this 
sense must be very far from feebly develof)ed in 
this highly organised group. A Gorman observer 
has lately described certain goblet-sliaped organs 
which he has found scattered over the more anterior 
regions of certain marine annelids (worms) j and to 
these, although they are not confined to the cavity 


of the mouth, he seems well justified in ascribing a 
gustatory fimotion. In connection with this, it is 
of considerable interest to point out that there ore 
developed on the lower backboned animals, though 
more especially in fishes, goblet-shaped organs, 
which are set in various parts of the skin, and 
which, in the general opinion of all anatomists, 
have some higher function than that of mere touch 
organs. The delicate thrcad-shaiicd papillss of 
the human tongue are specially modified in some 
of our more immediate zoological allies. They are 
considerably increased in size in the dog, wlio uses 
them to lick his bones ; and in the lion, they are 
of such considerable power, that, as Dr. Carpenter 
remarks, he, “ by a single stroke of his tongue, can 
take off the skin from any part of the human body.” 


THE EYE AND ITS USE. 

By William Ackroyd, F.I.C. 


I T is easy to work with an instrument without 
knowing anything at all about its construction. 
Thousands of tourists yearly |>oint their ‘‘glasses” 
to mouiiiaiii and mere without having the least 
idea in what manner their wonderful instruments 
bring that which is ixfar off comparatively near to 
them ; and bow many millions are there who use 
their eyes every w’aking hour of their lives without 
knowing anything about the build of these wonder- 
ful organs ! Yet, if one sets about it properly, it 
is very easy to learn quite enough to understand 
how the eye is built up, how its parts work har- 
moniously together, and how we have acquired our 
ideas of form, size, distance, Ac. 

If desirous of knowing all aV)out the telescope, 
our first work would be to take it to pieces, and 
then we should try and ascertain as well as w^e 
could - the use of each part, arriving finally at a 
conception of the working of the whole instrument. 
We must proceed similarly in the case of the eye. 
Let us, then, dismember an eye, and by a series 
of intelligent observations, experiments, and com- 
parisons we may arrive at all we at present want 
to know — tlie structure and use of it. Fortunately 
for our purpose the eye of a. sheep or cow will do 
quite well. If you send to the butcher for a couple, 
he will probably, as in my case, send you half a 
dozen. With these make the following investiga- 
tion. Take one and out ofi’ the muscle wliich has 
been left adhering to the side. Now note that the 


eye-ball is nearly spherical, and has a white cord 
projecting from the back. This cord proceeds into 
the interior of the eye, and before it was severed, 
connected the eye with the braim Without cutting 
up the eye we can ascertain little more now than 
we do by an ins^xiction of our own eyes iii the 
looking-glass. We observe a ti-ansparent, circular 
front, which bulges out slightly; this is the cornea, 
and it merges into the “ white of the eye ” or 
scUrotic coat, which seems to fom the rest of the 
eye-ball. Under the ti’ansimrent cornea one sees a 
coloured ring, tlie iiis, and the opening in the 
middle of this is termed the pupil. We may turn 
now to make a cursory examination of its interior. 
With a pretty sharp razor cautiously make a cross 
incision into the cornea of the cow’s eye. As soon as 
the thick cornea has been cut through, a watery-look- 
ing fluid issues, which is termed the aqmom humowr. 
When the incision has been made large enough, 
gently press the eye-ball, and there will be squeezed 
out a most important organ, the crystcdline truly 
crystalline, for it is ice4ike in its transparency and 
punty. It is not always thus, for on the approach 
of old age it becomes tinged with yellow, and has 
then a peculiar effect on the colour sense, not of 
much consequence save in the case of an artist 
To one troubled with this defect, the strong blues 
presented hy nature in daylight appear bluer than 
they are, and the weak blues of his pigments muclr 
weaker than they are. But in following his art 
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the painter baa to oopy nature’s bright blues, with 
tlie weak blues he has before him in his pigments, 
and consequently puts too much of the latter on to 
his canvas in his endeavour to represent nature 
faithfully. This was Mulready’s condition in his 
old days, and Leibreich points out that his later 
pictures are too cold, and only look of a natural 
tint when we observe them through yellow gloss. 
After observing well the form of the lens, how 
that it is more convex on one side than on the 
other, put it on one side for future experimental 
use. One of the incisions that have been made in 
the cornea may now be enlarged, so that the 
sclerotic coat is cut through and tlie eye-ball nearly 
bisected. The remainder of the eye-ball will be 
found to contain a perfectly colourless and jelly- 
like substance, the vitreous humour. Through tills 
transparent humour the colour of the internal 
coating of the eye is plainly visible, of a satiny, and 
in some parts a perfectly violet tint. The wall or 
Biiherical shell which surrounds the vitreous humour 
consists of three layers — the inner coloured one, 
termed the retina, the outer sclerotic coat, and 
between these two the choroid coat, which is lined 
with pigment on the side which it presents to the 
retina. Tlie more minute structure of some of those 
we must inquire iiito farther on, and now liefore the 
mangled eye is pitched away, note the spot on the 
retina where the white cord or o[)tic nerve enters, by 
pushing a pin through the nerve into the interior. 
Tlie pin-point will be found to come out a little to 
one side of the central jiortion of the retina. 

Our preliminaiy work has necessarily lieen of a 
rough nature; we have been settling broad land- 
marks, and the reader who may be inclined to go 
in for a more minute survey will now use the 
microscope and dissecting apparatus, and have 
recourse to the instructions furnished by special 
works of too technical a nature to be detailed in 
those pages. W© have done well if the position 
and shape of the principal parts are understood, so 
that we can form a picture in the mind’s eye of the 
inside as well as the outside of the visual organ. 
To aid US in this, let us turn to a finished 
diagram, so that we may understand one or two 
points concerning which we are at present a little 
hazy — as, the exact position and mode of sus- 
pension of the lens, how the iris is attached, 
&c. ikc. 

On reference to Fig. 1, it will be seen that the 
lens is placed between the vitreous humour and the 
aqueous humour, and is kept in its place by a 
memln^anous frame, which extends from the edges 


m 

of the lens to what are termed the ciliary processes 
of the choroid coat. 

The outer edges of the iris are firmly connected 
with the shell at the junction of the cornea and 
sclerotic coat, and it is applied pretty closely to 
the front face of the lens. By the contraction of 



Pig. 1.— Stjction of tJio Human Kyo. 

(rt) Sclerotic Coat ; (M Cornea; (c) Co^nnrtlva; (e) Choroid Coat ; (/) Ciliary 
MurcIc; Ciliary ProcfBtwa ; (h) rri»; (0 Optic Norvo ; <llc) Boundary of 

Retina: (/) CryntalUno Lena; (n) (laoroltl Pigment; II. .1 

(<?) Yellow SjKit of llelina ; (ag) Aqueous Humour ; (to Vitreoua Huuiour. 

certain circular muscles, with which it is provided, 
it can lessen the area of the pupil quickly, just as 
in an old-fashioned purs© the drawing to of the 
strings closes the mouth. It has likewise ceiia-in 
radiating fibres, and the contraction of these 
enlaiges the pupil, as again, we might open the 
mouth of tlie purse by pulling at the sides of the 
bag. 

The movements of the iris or coloured curtain of 
the ©ye are of extreme interest, showing as they 
do how very sensitive the eye is to light. There 
are several ways of watching its movements, one 
being the familiar looking-glass method. Shut one 
eye and look into a mirror with the other at the 
iris. It will be found that upon opening the closed 
eye the ins, which is being gazed at, will expand 
veiy markedly, or, what amounts to the same thing, 
there will be a marked contraction of the pupil. 
Other methods the writer has described in a paper 
read before the Royal Society of Edinburgh,* 
and as they require no complicated apparatus, we 
may give them here. 

• Proceedings of ihe Royals Society of Edinhurghy SeMdon 
1878—9, pp. 3^8 ; and Journal of AnaUmy and . 

Vol. XIII., pp. 146—8. 
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Tlio surface of the cornea is moistened with the 
fluivl which forms tears, and as every time one 
winks this film of liquid is disturbed, it follows 
from what we know of the infiuenco of rough 
surfaces on light, that there must be a slight 
alteration in direction of some of the rays which 
enter the eye. Regard a distant gas-lamp with 
one eye closed: beams seem to proceed from the 
fiaine like golden baiu These are due to a large 
exttmt to the bending influence of this surface- 
fluid. Whilst looking at the light with one eye, it 
will be fouivl that there is an alteration in the 
dis})osition of the bars at every wink, that is, at 
every distil rlmnce of this tear-fluid. Now gaze 
steadily at one of the brightest of the stars, or at 
a gas-lamp some distance away, and strike a match 
in front of the face while looking at the star or 
lamp. Immediately tlie match is lighted, the bars 
of light, which seem to project from the star on 
every hand, retreat into it like the horns of a snail 
that have just come into rude contact with some un- 
welcome object (Fig. 2). The influx of more light into 
the eye when the match is struck causes the pupil 
to contract, and the rays which appear to stretch 
out from the star are thus cut off by the iris, until 
the distant luminary appears only like a dot of 
light. The next two ways are equally as interest- 
ing as this one. 



Burnish the head of an ordinary brass pin, and 
then place the pin up to the head in a black 
hat. Now, with one eye shut, and your back to 


the light, bring the pin-head near to the other 
eye, so that light may be reflected into it from the 
polished convex sui^ace. One sees a circular 
luminous field, with projecting hairs at the bottom, 
which belong to the top eyelid (c, Pig. 2). 
Globules of the tear-fluid also appear at each 
wink. Now while looking at this circular lumi- 
nous field, bring up the other hand and intercept 
the light which is falling into the eye for a moment. 
When the hand is drawn away, mark the distinct 
alteration in area of field which is produced ; the 
field contracts most markedly (Fig. 3). 



Fig. 3.— Tlie Pin-Ueod Expariment. 


For the remaining method we only require a piece 
of tin-foil in which a minute hole has been pricked 
with a pin. Upon closing one eye as before, and 
looking with the other through this hole, placed 
about half an inch away, any alteration in size of 
the ills is at once discenied by the alteration in 
aim of the circular field of view. 

Substantially the same eflfects may be observed 
under very difierent circumstances. Lying idly 
on one’s back on the grass in the mid-day sun, 
with the eyes screened by the border of a straw 
hat, one sees a great number of round holes 
against the bright sky, and they simultaneouslj 
and capriciously alter in size. Were we not ac- 
quainted with the foregoing facts, we should little 
think of referring these alterations to the move- 
ments of the iris. Again, if with the back to the 
light a polished walking-stick be held close to one 
side of the face, like a fencer guarding that region, 
the portion of it nearest to the eye presents a bar 
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of Hglit, which varies in width according as the 
pupil is expanded or contracted. The ring on one’s 
finger will answer admirably for the pin in the hat 
experimenti and the reader may often have seen 
the round circle of light reflected from its surface 
when in meditative mood he has had his ring- 
finger near to his eye; he may, moreover, have 
seen it expand and contract, and have 
been quite at a loss to account for the 
phenomenon. These and other facts all 
prove how very sensitive the eye is to 
variations in amount of light entering 
it, a sensitiveness which has been admir- 
ingly pondered over by both |X)et and 
philosopher. Thomas Moore and Oliver 
Wendell Holmes each compare the piqnl 
of the eye to bigotry, which the more 
light you pour u|>on it the more it con- 
tracts, and no doubt some j)oet of the 
future will liken the iris, in its beauty, 
to liberal-mindedneas, which the more you 
illuminate it the more it expands. 

We have now taken our optical instrument to 
pieces, and know the positions of its most pro- 
minent parts — cornea, aqueous humour, crystalline 
lens, vitreous humour, and retina. By a very 
homely device we may illustrate the use of the 
more important of these. The apparatus necessary 
consists of a plain glass flask filled with water, a 
candle, and two pieces of white cardboard, one of 
which must have a small round hole punched in it, 
about the size of a tlu'eepenny-piece. Place the 
flask so that the light of the candle may fall full 
U}x>n it, and take the unperforated piece of card- 
board and fix it upright on the otlier side of the 
flask, at such a distance that an image of the candle- 
flame is projected on to it. The image will appear 
somewhat blurred, owing to what is known as 
spherical aberration, or the inability of a lens with 
spherical surfaces to bring all the rays which fall 
upon it to the same focus. Now place the per- 
forated cardboard between the light and the flask, 
and it will be found that the image is very much 
improved, more distinct and perfect than l^efore. 
With the completed arrangement we have the 
apparatus placed as in Fig. 4, in this order — light, 
perforated cardboard, water-flask, and cardboard 
screen, and the use of three very imj[)ortant jior- 
tions of the eye is illustrated, the screen (iv.) 
representing the retina, the flask (iii.) the crystal- 
line lens, and the perforated cardboard, (ii.) 
standing for the iris. One of the uses of the iris, 
then, is to correct any tendency the crystalline 
111 


lens may have to form a blurred image ; and the 
use of the lens is to project a pretty pictui'e of 
external objects on to the retina, whilst the latter 
transmits its impressions through the optic nerve 
to the brain. 

Tliat the action of the crystalline lens is precisely 
the same as that of our water-flask may be easily 


shown. Stick a pin into the edge of the lens that 
has been kepi to experiment with, and now bring 
the candle on one side of it and a jmper screen on 
the other. A blurred image appeal's on the screen, 
and it is inverted. Its distinctness is much im- 
proved by having here, as in our former experiment, 
a perforated piece of cardboard or paper to repre- 
sent the iris. 

The iris is said to have another use, which 
will bo well understood after considering the 
behaviour of a bundle of 
rays passing through a 
double convex lens. Since 
the lens is thickest in the 
middle and thinnest at the 
margin, we may look at it 
06 a combination of peculiar 
glass prisms. Suppose a 
double convex lens wei’e cut 
in two, its section would 
be of the shape shown at a 
(Fig. 5), which is not un- 
like a section of two prisms 
base to base (6, Fig. 5), and it behaves towards 
white light like two such prisms. A prism, as the 
readeris aware, breaks up white light into its “parent 
colours,” i*ed, orange, yellow, green, blue, indigo, and 
violet,* and in the course of this breaking up violet 
light is most bent, and red least so. If, therefore^ 

* “ Soieiioe for Ah,** Vol. I., p. ldSS» 




Fig. 6.— Section of Double 
Convex Lens (a) j Section 
of two Priama placed Bate 
to Baae (b). 
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two thin pencils of white light, a and h (Fig, 6), 
be sent into two prisms, placed base to base, it will 
be readily seen that the violet rays come together 
at /much sooner than the red rays at/', and when 
a double convex lens is employed to bring together 
an infinite number of rays of light, it behaves like 
two prisms placed base to base. In the centre of 
the field the overlapping of the spectra gives us a 
white area, but the borders, where no such over- 
lapping can take place, are coloiu'edj the border 
of the section at s, before any of the rays have been 
brought to a focus, is of an orange to i*ed tint, and 
the section of s', after all the rays have been 
brought to a focus, is of a bluish tinge. This may 
be seen with an ordinaiy magnifying glass in the 
case of the sun’s rays. Before the sun’s image is 
well foiined the border of the circle of light is of 


beam of light, for we know that it is an agent that 
has a peculiar and potent influence in the three 
kingdoms of nature. The work done by it in the 
green leaves of trees must be something enormous, 
and had we the proper da^ it would be an interest- 
ing problem to ascertain how many millions of UmB 
of wood are yearly produced by its chemical action 
on the carbonic acid floating in the air. Its influence 
on vital phenomena is somewhat surprising, it 
being a well-known fact that the healthiest portions 
of a hospital are those wards which are best lighted. 
The prolonged absence of light would be a very 
seiious matter, for an eternal night on the face of 
the earth would probably lead flrst to death and 
disease, and Anally to a sightless animal creation. 
Note the effects of an Arctic night in Smith’s 
Sound as described by Dr. Kane : — ^ 



Dec, 15^/l, Tkursday , — We 
have lost tlie last vestige of our 
raid-day twilight. We cajinot 
see print, and hardly paper; 
the Angers cannot be counted 
a foot from the eyea 

“ The fiist traces of returning 
light were observed at noon on 
the 2l8t January, when tlie 
southern horizon had for a short 
time a distinct orange tint . . . 
We had been nearing the sun- 
shine for thirty-two days, and 


had just reached that degree of 


an orange tint, after the focus is past the disc of 
light is fringed with blue. Double convex lenses 
all behave in this way, a peculiarity which is 
termed chromatic aherrcUion, If this fringe were 
cut off by means of a ring-like screen, it is evident 
that inconvenience arising from this aberration 
would be overcome. Ring-like screens of this kind 
are, therefore, employed inside telescopes for this 
p«q)Ose ; and many eminent men maintain that in 
the iris we are supplied with a ring-like screen 
which neutralises any tendency the crystallme lens 
may have to exhibit this defect. 

In darkness we see nothing, nor can we see 
anything in daylight if the eyes be closed. Im- 
mediately, however, the eyes are 0 [)en 6 d, we become 
conscience of the existence of external objects; 
their images are cast upon the retinae, and in some 
wonderful manner the facts are flashed along the 
optic nerve to the brain. This action of light upon 
the retinal membrane is one of the most marvel- 
lous that we are acqumiited with, net that there is 
a lack of surprising facts conoeming the power of a 


mitigated darkness which made the extreme mid- 
night of Sir Edward Parry in latitude 74'’ 47’. 
Even as late as the filst, two very sensitive 
daguerreotype plates, treated with iodine and 
bromine, failed to indicate any solar influence when 
exposed to the southern horizon at noon ; the 
camera being used in-doors to escape the effects of 
cold. The influence of this long, intense darkness 
was most depressing. Even our dogs, although tho 
greater part of them were natives of the Arctic 
Circle, were unable to withstand it. Most of them 
died from an anomalous form of disease, to which I 
am satisfied the absence of light contributed as 
much as the extreme cold, I give a little extract 
from my journal of January 20. 

‘*‘This morning at 5 o’clock — for I am so 
affiioted with the insomnium of this eternal night 
that I rise at any time between midnight and 
noon-— >1 went upon deck. It was absolutely dark, 
the cold not permitting a swinging lamp. There 
was not a glimmer came to me through the ice- 
crusted window-panes of the cabin. While I waa 
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feeling my. way, half puzzled aa to the best method 
of steering clear of whatever might be before me, 
two of my Newfoundland dogs put their cold noses 
against my hand, and instantly commenced the 
most exuberant antics of satisfaction. It then 
occurred to me how very dreary and forlorn must 
these poor animals be, at atmospheres -f 10° 
indoors, and — 50® without, living in darkness, 
howling at an accidental light as if it reminded 
them of the moon, and with nothing either of 
instinct or sensation to tell them of the passing 
hours, or to explain the long-lost daylight They 
shall see the lantern more frequently.*** 

Now, suppose an animal, untold ages ago, had 
been {daced in darkness, kept there, and all its 
descendants after it — what would have happened ? 
An organ that is never used decreases in size, and 
in the course of ages may disappear. It is highly 
probable, therefore, that after a few generations the 
eyes of these confined animals would be diminished 
in size and sensitiveness, and that finally they 
would become stone-blind. It is thought by many 
scientific men that the blind fishes and insects which 
inhabit the “ Mammoth Caves ** of Kentucky have 
had some such history, and are the descendants of 
originals still represented by perfect forms outside. 
From the foregoing facts it follows that the absence 
of light is injurious, and its presence beneficial to 
animated nature. Nor is its influence on inorganic 
matter of less imjwrtance. We have seen that it 
materially influences the electrical conductivity of 
the element selenium,^ and as a quality is seldom 
isolated, but }K>ssessed by a host of other bodies to 
a more or less degree, light has probably this action 
on other substaucea When absorbed it may be 
turned into heat, or employed in eflecting chemical 
changes, as in the photographer's iodised plate. 
Books, sometimes, which have lain for years and 
years side by side, ^th only the titular portion of 
the backs exposed to the sun's rays, exhibit a 
marked difference in the colour of tlieir covers, the 
backs being decidedly paler than the sides. The 
bird-stuffer, aware of this action of light, takes 
good care to paint the plumage of his birds with 
more stable colours; and the careful curator, long 
tormented with the destructive action of light on 
the gaudy colours of his butterflies, now endea- 
vours with tinted glass to sift the sun's rays of what 
he has found to be their most destructive parts. 
This bleaohmg action is exhibited in a remarkable 
degree in the case of the retina. After Prof Fr. 

• “Soienoe for AU.” Vol. m., p. W. 


Boll announced the discovery that the outer layer 
(A the retina — t.a, the layer farthest from the 
vitreous humour — is in the living condition not 
colourless, but of a puiple-red colour, and that the 
colour is being continually destroyed by the light 
which enters the eye, this subject became of the 
utmost importance, and ere long Dr, W. Ktlhne, 
Professor of Physiology in the University of 
Heidelberg, ascertained that this colouring matter, 
termed the visual purple, may be bleached by light 
after death, an important discovery, inasmuch as 
many experiments could now be made on removed 
retinss, which before would have seemed useless, 
or impossible. To show the influence of solar light, 
Kiilme took ten uniformly purple retime of frogs 
(Rcma temjioraria), and spread them out in a row 
touching each other; he placed the retime in a 
8j3ectrum of the sun's light obtained by passing a 
bundle of mys through a flint-glass prism, so that 
some were exposed to ultra-red and red rays, others 
to violet and ultra-violet rays, and the remainder 
to the light of the rest of the spectrum. It would 
appear that where thei'e was the greatest absorp- 
tion of light, the bleaching of the exposed retine 
was soonest effected. After his experiments, 
Klihne was able to affirm that light of one colour 
bleaches and decolourises the colouring matter of 
the retina, as white light does, only very much 
more slowly; that of all one-ooloured lights the 
following act with deci'easing rapidity : greenish- 
yellow, yellowish - green, green, bluish - green, 
greenish-blue, cyanogen-blue, indigo-blue, violet, 
later pure yellow and orange, and still later ultra- 
violet and red ; that the extreme red and ultra- 
violet rays are not entirely without action, but that 
the commencement of the ultra-violet is more 
active than the commencement of the visible red. 
He points out, as a most significant fact, that 
precisely those rays which most affect our eyes, 
and appear to be the most intense — ^namely, the 
greenish-yellow — are those by which the coloui&g 
matter of the retina itself is the most changed. 
Seeing then that tlie retina is the eye-screen, and 
that it is materially influenced by the action of 
light, it now behoves us, because of its importance, 
to inquire more particularly into its structure, and 
the uses of its various parts. 

The retina is a perfectly transparent membrane, 
varying in thickness from an eightieth to a little 
less than a hundred and sixtieth of an inch, and 
lines the interior of the wall of the eyeball, as we 
have seen. A thin vertical section of it at any spot 
except the exact centre (called the yellow spot) and 
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the entrance of the optic nerve, when viewed under 
the microscope, presents us with the structures repre- 
sented in Fig. 7. From 6 to A the nervous element 
is held together by what is termed connective tissue, 
and beyond h the I'emainder of the i*etina consists 
of peculiarly-shaped nerve filaments, some like 



Fig. 7.->Seotiou of the Honuai Betina. 

(a) Burfice of the Retina in contact with tlic Vitrconi Humonr ; A)I]cnanaion 

Nerve; (,e) ClauRUonlo Oor^aeletjjg) Molecular 

ea ; (e) Inner UraDUk** and Nnnet ; (/f istergranular 
‘ ''’ Tvoua Fibrea ht'arinir tbe Inner Qiuules ; ( 0 ) 
rr: iky Outer Limiting Surface where the Roaa 
lecti ve Tissue cx'ases ; (0 Ruda and Oonet : (.*} 
« with the Pigment of the Choroid Coat. 

stifles and called rodif and others of a sugar-loaf 
form, termed cones. In Fig. 8, three of these cones 
and six rods are shown on a larger scale. 

Where the optic nerve enters the eye it spreads 
out its filaments in all directions, forming the fore- 
part, 6 (Fig. 7), of the retina ; and these, doubtless, 
are in connection with the rods and cones at the 
back. The intermediary structures are stated in 
the detailed inscription to Fig. 7. 

One would naturally suppose that the portion of 
the retina turned towards the light would be the 
part which is affected by it ; we shall see, however, 
as we proceed, that such is not the case, but that 


these rods and cones at the very back of the retina 
are the agents which /eel the light after it has 
passed through the transparent parts which lie in 
front. There are^ minute blood-vessels in the retina^ 
ramifications of the ai*tery which enters the eye 
along with the optic nerve, and they are spread out 
in the portion of the membrane which lies between 
the layer of rods and cones and the surface in 
contact witli the viti'eous humour. Evidence of 
their existence may be easily obtained without even 
having recourse to ««« -.jl 

dissection. Let the | | 

reader try the fol- I I 

lowing simple ex- . jl I I /I A 

perimeiit ujion him- ’ 11 111 , 11 1 1 [I | l 

self, by means of 11 111 !1||1| 11 j| jli| I k i| 

which he will see 1 11 | ll ||l|l | Ji ll j 

the shadows of the P''l i | r 11 1 

vessels like the a 4 — A jlJ L j f — nfrn — irV 

black and bare arms L‘A j fO]] ' j (T) 

of ati'eeseen against ( 

a red sunset sky. V If" ) 

No light must lie in o y W y 
the room save that yl ] ) j 

of a candle, and this / A ] 1 

must be employed I (lA 7 

in the following w [ 

way:- Close one eye, I | 

and with the other y y I 

stare into the dark I i J 11 

vacancy. Nowmove & Q/ V 0 J \ 

the candle-flame up f ^ 

and down neai* to Pi®, 8.-~The Eoa« aud Conea Ob a larger 
S^le ; there are three of the latter oe- 
the outer side of the tween aiz of the former. 

open eye, so that the 

light enters it in a slanting direction. Under these 
circumstances the reader will see a series of diverging 
black lines against a red ground, which are known 
as Pv/rhinje's figures * (Fig. 9). For the success of 
the ex]jeriment it is very necessaiy to keep bhe 
candle moving. Sir Charles Wheatstone invented an 
instiTiment for showing an original variation of thia 
experiment. It consists of a circular plate of metal 
about two inches in diameter, blackened at its outer 
side and perforated at its centre, with an aperture 
about half an inch in diameter. To the inner faee^ 
is fixed a similar plate of ground glass. On placing 
the aperture between the eye and the flame of a 
candle, and keeping the plate in motion, so as to 
displace continually the image of the aperture on 

* In Rome ol onr belt phyiiologlcal text-books the idee Is 
givm that Irighi linei on a dark ground are seen— a ouriouA 
mistake. 
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the retina, the ramifying lines are seen distributed 
aa before, but brighter. In the very centre of the 
field of vision there is a small circular space, in 
which no tmces of vessels appear ; this is the most 
sensitive portion of the retina. When this portion 



Fig. 9.~How to aoo Purkinjt*^ Figvxet. 


of the retina in examined it is found to be full of 
close-set cones, a fact which, taken along with 
another we shall now mention, seems to show that 


cross, the white circle comes into view again. Now 
close the right eye and follow precisely the same 
directions with the following circle ^d cross (Fig. 
10, b), keeping the eye steadily fixed on the cross as 
before. It will be found again that at one stage of the 
approach of the cross the white circle disappears. 
This experiment proves that there is a spot on each 
retina on its nasal side which is blind ; this si)ot is 
the entrance of the optic nerve, which has accord- 
ingly been called the jmnctum ccecuin^ or blind spot 
In Fig. 11 we have endeavoured to represent the 
conditions in these two experiments. Three ]:K>sitions 
of the circle and cj^oss with respect to tlie eyes are 
shown. In the second position, where the image 
of the circle rests in each case on the blind spot, 
the circle cannot be seen. It has again comQ into 
sight by the time the third position is reached, and 
when the image no longer rests on the entrance of 
the optic nerve. These two facts then, that thei'e 
are no cones in that spot of tlie retina which is 
blind, that there are cones nearly to the exclusion 
of other elements in the spot of retina where vision 
is most acute, would lead us to suppose that these 
cones are in some way concerned in the phenomenon 
of vision. Nocturnal birds, like owls, are said to 
have very few cones, and the eel, which lives in dark 
mud, none at all. The mode of occurrence of Piu*- 
kinje’s figures likewise iK>ints to the region of the 
cones as being that which is infiuenced by light. 


these cones are the portions of the retina which are In producing these figures the light falls on the 
sensitive to light. Where the optic nerve enters , inner surface of the retina, so that whatever per- 
the retina there are no cones ; this spot is blind, ceives the shadows of the blood-vessels will neces- 
We have experimentally ascertained that the optic sarily lie on the other side of them, namely, in the 
nerve enters the eye a little to one side of its central locality of the rods and cones, 
part, and as the eye rests in the head it is the side The question arises, What makes this layer of 

the retina sensitive to light 1 Can it 
A be the the rods and 

cones which are adapted to take up 

B ethereal wave-motion, can 

HHIBfllHiBBHHiiBHHIHBflBBiHBBHHHHi cause region is |hat 

Fig.lo.^Teftlngforth«BUndSpotin«MshBetlaa. colouring matter which is kuown as 

the vimal purple? The working out 
nearest the nose where the nerve enters. The of the question has so far proved a most baffiing 
following experiment proves that the point of inquiry, and we cannot do better hei'e than give 
entrance is not sensitive to light. Close the left the results of the most recent research, 
eye, and r^rd the cross (Fig. 10 , a) steadily with Some have supposed that the retina, like the 
the light, held say eighteen inches away. Now sensitised plate in a photographers camera, is a 
bring the paper gradually nearer, keeping the gaze membrane upon which the light acts and prints 
fixed on the cross, while, however, an effort is made images of external objects. It is noteworthy, how- 
to keep the white circle in sight without turning ever, that the philosopher to whom we owe much 

the eye away from the cross. As the cross nears evidence that would seem to support this hypothesis, 

the eye, a position is reached where the white circle thinks that the retina, so long aa it is maintained 

disappears. Upon continuing the approach of the in its natural connections with th6 pigment of the 
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dioroid coat, resembles not so much a photographic 
plate as a whole photographic workshop, in which 
the operator, by bringing new sensitive material, is 


always i*enewing the plates, and at the same time 
washing out the old image ; for KUhne, to whom 
we refer, found that the visual purple could \)e re- 
newed upon bringing a bleached retina into contact 


with the layer of pigment whicdi lines the choroid 
coat. And here we may remark that this pigment 
forms the natural support of the rods. The pigment 
when ' viewed under the microscope 
appears to be formed of siac-sided par- 
ticles, arranged side by side as repre- 
sented at a (Fig. 12) ; 6 is a side view 
of two of these particles, and at c one 
is seen with retinal rods embedded in it 
Kiihne recounts some other remark- 
able experiments, a few of which we 
may here describe as bearing on this 
subject. 

On one occasion a frog exposed only 
to blue light kept its eye steadily fixed 
on the flame. After fourteen hours* 
exposure it was found that^ beautiful 
image of the gas-light had beeh photo- 
graphed on the retina, appearing per- 
fectly colourless on a deep red ground. 
It will be observed that we have here 
a phenomenon analogous to what would 
take place in our experiment, repre- 
sented in Fig. 4, supposing the screen 
IV. were coloured, and the light had 
the power to impnnt its white like- 
ness on it. 

These optograms^ or retinal photo- 
gi*aphs, are not easily obtainable, and 
Kiihne had Iqng tried to get them in 
the eyes of the larger mammals before 
he was successful in the case detailed 
above. One of the diflicultieB in the 
way of successful optography arises 
from the fact that the front layers of 
the retina become opaque in death, 
and as the visual purple is in the 
region of the rods and cones at the 
back, the light can evidently not pene- 
trate so far. Kiihne accordingly found 
it necessary to remove and invert the 
retina for optographic purposes. Whilst 
treating of this matter, he is careful 
to I'emark that there are not wanting 
imaginative jiersons who profess to 
havo seen in the eye of a murdered 
person the image of the murderer, but 
for his part he cannot corroborate 
their wild assertiona* 

^ The reader who may be deiiroua of leamiag more about 
the vimtal ptirplt will do well to peruse Foster’s translation of 
Kabne, ** On the Pbotoohemlstry of the Ketina and on Visual 
Purple.” 



Fig. 11. —How we peroeife the Insensibility of the Blind Spot. The dotted lines 
show the direction of the optic uervee until their junction upon enteriiur 
the bruin. 
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This |>hotograpfaic change of the retina under the Now we are in a better position than when we 
influence of light is associated with a change in its started to inquire into the reason why we perceive 
electrical condition, and just as various kinds of external objects so well in daylight Tlie light 
light bleach the visual pui^de in diflferent degi*ees, reflected fix)m these bodies, varying in colour and 
so in like manner various kinds Of light influence quantity, enters the eye, and by means of its media 
the electrical condition of the retina in diflbrent foms a perfect image at the back ; wonderful 

degrees. To ascertain this, Messrs. Dewar and changes are all the while going on in the substance 

McKendrick experimented on a great number of of the retina, varying in amount with the natut^of 
animals^-suakes, frogs, toads, newts, gold-flshes, the image on it, and intelUgence of these changes 
BtickJe*backs, reckling, the common crab, the swim- is transmitted along the optic nerve in some way, 
ming crab, spider-crab, lobster, and hermit-crab, to produce in the brain an idea of what is before 

They were able to show that in each of these cases the observer. The growth of this power, from the 

when light falls on the retina its electrical condi- “ evolutionist’s ” standpoint, we cannot give in 

tion is altered, and afterwards they ascertained the better words than those which were used by Pro- 
same fact with regard to the cat, I’abbit, pigeon, fessor Tyndall, in his memorable Belfast address 

to the British Association : — 

In the lowest organisms we have a kind 
of tactual sense diffused over the entire body; 
then, through impressions from without, 
and their corresponding adjustments, special 
portions of the smface become more re^ 
sponsive to stimuli than others. The senses 
are nascent, the basis of all of them being 
that simple tactual sense which the sage 
Democritus recognised 2,300 years ago as 
and owl. Some of the results of their series of their common pi'ogenitor. The action of light, 
elaborate experiments are these in the first instance, appears to be a mei^e dis- 

1. That the specific effect of light on the eye is turbance of the chemical processes in the animal 

to change the electrical condition of the retina and organism, similar to that which occurs in the leaves 

optic nerve ; 2. That the change is in agi*eement of plants. By degrees tlie action becomes localised in 

with Fechner’s law ;* 3. That those rays, such as. a few pigment-cells, more sensitive to light than the 

yellow, which appear to our consciousness to be the surrounding tissue. The eye is hero incipient. At 

most luminous, affect the electrical condition the first it is merely capable of revealing differences of 

most ; and that those, such as violet, which ai*e least light and shade produced by bodies close at hand, 

luminous, afiiset it least ; that this electrical change Followed as the interception of the light is in 

is essentially dependent on the retina, because if almost all cases by the contact of the closely adja- 

this structure is removed, while the other structure cent opaque body, sight in this condition becomes a 

of the eye lives, there is no sensitiveness to light kind of ‘ anticipatory touch.’ The adjustment con- 
These two phenomena, then, the bleaching of the tinues ; a slight bulging out of the epidermis over 

retina and its electrical change, are probably both the pigment-granules supervenes. A lens is^ in- 

concerned in the act of vision, and more esi>ecially cipient, and, through the oi)eration of infinite 

the latter, for there may be something more than adjustments, ast length reaches the perfection that it 

analogy in experiments like that of Siemens, t displays in the hawk and the eagle.” 

wherein an artificial eye is made to vary the indica- Here for the present we may suspend our 
tions of a galvanometer with each alteration in inquiries. In another paper we propose to tell 

colour or intensity of the light entering it. about the eye and visual phenomena what wo 

Vol 11., p. 3aa t Vol. III., p. 59, have now left unsaid. 
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There are a very great number of these beds 
following one another without any apparent order, 
some thin and some thick, so that if the rare soil 
be removed fi*om one of the hill-sides, the eiibct 
would resemble that shown in Fig, 1. 

The sandstones and shales are both more frequent 
and thicker than the limestones, yet the whole of 
these rocks belong to tlie great Carboniferous 
Limestone series ; and although the calcareous 
beds make so poor a show when compared with the 
grtmt limestone masses of 
the same ag^ in Derby- 
shire and Wales, they ai*e 
nevertheless by far the 
most important “ sills,” in 
the eyes of the lead- 
seeker. One i-esult of this 
is that each seam, or 
band, of limestone has its 
own sj>ecial name by 
w'liich it is known 
throughout the re- 
gion — the “Great,” 
the “ Little,” the 

Older d/'brif 

lalUN 

*'Nowt‘r do 

Allurlum 


Fly. 1. ' Sectiou of Hill-side showing Beds, or of Sholo, Sand- 

stone. and Limestono. 



A lthough we need not give our lead-mine a 
name, yet must we give it to some extent a 
local habitation, for lead-mines are not situated 
haphazard over the face of the country. They 
occur according to certain rules* Of these rules 
there arc some that wo do not yet fully undei-stand, 
but most of them have, by dint of the practical 
experience of centuries, become part of the common 
knowledge of every miner. 

In England, lead-veins (if they be meant to 
‘‘pay”) are to be sought for in 
the older rocks only, and more 
especially in those of Carlx>ni- 
ferous (Frontispiece to Vol. L), 

Devonian and Silurian ages. 

Hence, our search for a lead-mine 
worth visiting is limited to the 
districts where these foi*mations 
predominate, or, roughly speak- 
ing, to the extreme western 
counties, Wales, the Lake dis- 
trict, Derbyshire, Durham, Ouin- 
l>erland and Noi*thuml)erland. 

Let us select the region in 
which the three last-named 
northeni counties meet : that 
known as Alston Moor — an area 
which, although now all but 
abamloned by the lead-miner, 
for many years, and may 
perhaps once more Ix^come, a very 
store-house of the heavy, honndy 
metal. Here we have a country of deep valleys, 
high and broad undulating inooilands, and, con- 
necting the two, numberless narrow, often wooded, 
glens, or “gills,” down which pour the black peaty 
watfTs from the heather-clad uplands to the rivers, 
laying bare the strata, or “sills,” of which the 
hills ai*o formed, with many a leap, “force,” or 
waterfall over the hardest of them. 

Now, these beds, or “ sills,” os they ai'e locally 
called, are chiefly of three kinds — S/tale, or 
hardened, slabby mud ; Sandstorie^ or hardened 
sand; and Limestone^ or hardened, calcai*eous or 
limy sea-bottom ooze. The shales, being the softest, 
are more quickly worn back than the other rocks 
by the action of the water, and tlie waterfalls are 
thus limited to the sandstones and limestones. 


“ Four-fathom,” the “ Tyne-bottom ” limestone, or 
some other derived from local i)eculiarity, thick- 
ness, or position.* 

All these rocks together fonn what is called the 
“ country ” by the miners : that is, the unchanging 
deposits in which the veins occur ; and, by ex- 
perience, the miners know well, in a geneiial way, in 
what |)articular portions of the “country” rock the 
veins are likely to prove most productive of lead-ore. 

* Beaides the rooks mentioned, there are a few coals in the 
Carboniferous limestone series of this region, and also a thick 
sheet of intrusive basalt, known as the “ Great Whin Sill,** 
the word “sill” being applicable to it from the fact of its 
lying for* considerable distances between the same beds, as a 
sedimentary rook would do. Mention of the coal and trap is 
purposely omitted in the text for the sake of avoiding unneoes 
laiy detail. 


Sandatono. 

tiliah*. 

Ltmeatoiio • 
Bbalc . 
Sondatono. 
Shale . 


T.imcatonc 
with two 
All Ale 
bauds 


Bhnle* 

Ssmlatone- 

hbale* 

Pandatonr* 

Hlmlo- 

Randatoiie- 
Thln Coal • 
Bandst^iiK' • 

Lfmeatone- 
(Jrejr Ih'da 
(s Hi ale 
And 
Pand- 

Btnue) 
Psndatonr • 

Shale . 
Limestone* 



A LEAD-MIim 


121 


As we travel along one o£ the deep valleys— that 
of the South Tyne, for instance, above the old- 
fashioned, steep-streeted mining town of Alston^ — 
the above-mentioned sills are easily distinguished 
running in nearly level parallel lines, scoring and 
ridging the hill-flanks on either hand. At first 
this is all of the geology of the place that is obvious 
to us. A little closer observation, however, will 
soon reveal, at unequal intervals, series of small 
dark openings — like doors in the mountain — each 
with a large or small heap of rock fragments in 
front of it. Each series of openings, or tunnel- 
mouths — ^for such they really are — runs across the 
beds. In other words, the tunnels (‘‘drifts,'" 
“levels,” or “adits” are the technical terms) 
forming each set of openings are driven along a 
vertical, or nearly vertical, fissure, or crack — long 
ago filled up, probably — cutting through and divid- 
ing asunder the flat-lying beds of the “ country ” 
I'ook. This filled-up fissure, or crack, is a vein. 
The stony fragments at the “ level ” mouths consist 
for the most part of the filling-up matter of the 
vein, and is called “vein-stuff;” and not every 
geologist would care to be asked more accurately to 
name every substance of wliich this is com})OS6d, 
for it is a veiy omnium-gatheiiim of minerals and 
rocks. Here, however, in South Tynedale, calcite, 
or carbonate of lime in dog-tooth or nail-head 
ciystals, or again as a water incrustation, or stalag- 
mite, is found in quantities, together with a some- 
wliat simila r -looking, but much heavier mineral — 
heavy-spar, or sulphate of barytes, and witherte, 
or carbonate of baiytes. Prettier than either of 
these, and in places even more common, are more 
or less perfect cubes of violet, light blue, red, jiink, 
green, or yellow fluor-spar — the Blue John of 
Derbyshire — for which Alston Moor has long been 
famous among collectors, aud biilliant, diamond- 
like but six-sided crystals of quartz. All these 
minerals, and others, are seen coating or traversing 
in eyeiy direction rough angular masses of hardened 
and altered limestone — how altered ive do not 
exactly know; and among the whole mixture of 
what a miner would call “mineralised” rock, we 
are pretty sure to find scattered bright, golden, 
shining crystals — cubes again — of iron-pyrites, and 
better still, other cubes or blotches or lumps of a 
dull grey, heavy substance. This is the lead-ore, or 
galena, and upon the amount of it to be found in 
each vein, or in each part of a vein, de{>ends tlie 
value of the latter. 

A blow from our hammer will break up one of 
the dull grey lumps of ore into bright, shining, 
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steel-like, square-sided fragments, which exposure 
to the air will in time again render grey and dull 
on the outside. Now, this galena is not pure lead, 
or else our hammer would have flattened it instead 
of breaking it up into sharp crystalline pieces ; it is 
“plumbic sulphide,” a compound of lead and 
sulphur, in the proportion, when pure, of 86*61 per 
cent of the former, and 13*39 per cent of the 
latter. Galena is, however, seldom absolutely pure, 
and one of its commonest impurities is, fortunately 
for us, of greater value than lead. It is silver 
which is almost always present in lead-ore, and 
sometinies in such considerable quantities that the 
latter is worked entirely for its sake. Indeed, the 
“ de-silverisation ” of lead is one of the most im- 
portant metallurgical processes in connection with 
this metal, and one which owes its chief improve- 
ments to a worthy of this very district of Alston 
Moor, the late Mr. H. L. Pattinson. 

Now, let us each take a lump of soft clay, and in 
it stick a lighted tallow candle, and then grope our 
way as best we can into the hill along any one of 
the levels. Wet and dirty work certainly, not to be 
undertaken in fine clothes, but worth going through 
if at the end of the low, naiTOw, propped-up gallery 
we come to the face of the vein — to the place, that 
is, at which work was left off. Here, for the fii*8t 
time, we have a chance of seeing what a vein is 
really like. We have seen its several parts outside, 
but now the puzzle-parts are pieced together iu 
their proper relative jx)8ition8. The vein-stuff and 
oi-c are seen intertwining together in places, but a 
general up-aud-down banded arrangement of the 
various mineral substances can be easily distin- 
guished, as a rule, running parallel to the sides of 
the fissure — ^the “ cheeks ” of the vein. Sometimes 
the vein may be yards in width, oftener but a few 
feet, sometimes but an inch or so. Sometimes the 
vein is a single one, and sometimes it is split up 
into a number of tiny veinlets, or “strings.” Some- 
times the entire space is filled with ore, sometimes 
with one or other of the vein-stuft' minerals, to the 
temporary exclusion of the others. Thus a well- 
known vein in Northumberland, formerly profitably 
worked for lead, is now, and has been for years, 
worked merely for the carbonate of barytes with 
which it is filled, whilst galena is oidy occasionally 
met with in it. A vein is therefore divided into 
rich }mrts and jjoor parts. Of these, the former 
alone concerns the practical miner, and the obser- 
vation of ages has shown that their occurrence 
depends mainly ujwn three points — (1) the direc- 
tion of the vein ; (2) the amount Of its deviation 
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from the vertical; and (3) the nature of tlie 

country ” rock. 

Each motal-mining region must be regarded as a 
more or less intricate network of veins running in 
dififerent dii’ections, and in each case it is found that 
one general direction (within a range of 30® or so) is 
affected by the ore-bearing veins, the others being 
mainly filled with vein-stuff and comparatively 
valueless. In the district in question the direction 
in which the best veins run lies between east and 
west and south-east and north-west Such veins 
are said to be right-running, ” in contradistinction 
from the others, which ore called “ counter ** veins. 
There has never been given a satisfactory ex[>la- 
nation of this law of direction, but notwithstanding 
many exceptions, it is undoubtedly a law. 

The other two points are not so obscure. In 
light-running veins there ai*e, as has been said 
above, i*elatively richer and poorer portions, and 
attentive study of the circumsttuices under which 
these occur stiems to show that the richer parts 
must be looked for where both cheeks of the vein 
are of haixl — not too hard, but moderately hard — 
rock, and whore the vein is most vertical. 

When a vein is the infilling of a (jmck or fissure 
only, and when the beds of the country ” rock are, 
as in the case under consideration, horizontal, both 
cheeks must necessarily be alike. But moi’e often 
the crack is something more than a mere fissure ; it 
is generally a line of displacement, along which one 
side of the “ country has Ijeen forced up or down 
— usually down — from its original position; or in 
geological parlance it is a fault ” as well as a vein 
(see Figs. 2 to 4). Where different kinds of rock 
alternate as rapidly as they do in this Alston 
country, it is natural to suppose that the effect of a 
dislocation, or fault, will in its details be other than 
wotdd be the case in a unifonn rock-mass of great 
thickness. In practice such a difference is found 
to exist, more es 2 >ecially as regards the amount and 
variability of ‘*hade” (as the angle of deviation 
from the vertical is called). In a uniform hard rock 
the hade of a fault or vein is usually most regular 
and most nearly af>proache8 the vertical ; in uniform 
soft rocks it is most oblique; but in alternating 
hard and soft rocks the hade is variable, changing 
in amount according to the nature of the cheeks, 
and more erect in the hard zones than in the soft 

Now, if the reader will cut a piece of pai)er into 
two parts so that the dividing line be made to 
represent such a variable hade — like the line v v in 
Fig. 2, for instance — and if one of the pieces be 
then shifted a little downwards in t/ie direction of 


Hie liade, he will have a good model of a fault* 
vein in a region like this of Alston Moor (Fig. 2)^ 
It will be noticed that the vein, instead of being 
a mere line, as it would be had the hade been a 
regular one (Fig. 3), is alternately narrow and 
wide. Moreover, it will be seen that it is widest 
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Pig. 2.— An Ordliiaiy “ Fault** Veto. 


where most erect, or, in other words, in the hardest 
rocks. And this it is that has given rise to one of 
the most universally true of the h^ad-miner^s rules, 
viz., that the steepest parts of a vein are also the 


\ 

Fig. 8.— Bbowing Vei« where the " Hade ’* is Begulir* 

richest. Indeed, the few known exceptions to this 
rule are almost limited to the rare coses where the 
vein is what geologists term a reversed fault, i.e., 
where the beds on the overlying side of tne hade- 
slope are on a higher level than on the underlying 
(Fig. 4). Here there are a few examples of this 
sort and then the veins have been found to be 
widest in the soft beds, where the cheeks are un 
favourable to the accumulation of ore, and where 
they are most upiight. Mines in such veins have 
seldom proved remunerative. 
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One mult of this step-like structure of many 
veins is, that the broad steep portions were, prior 
to their infilling, so many long jiassages shut in 
above and below, and thus separated from each 


Soft Bods 



Fig. 4. A EevenMd *' Fault ’’ Voia. 


Other by the soft beds. The latter, being usually 
clays or shales, are more or less imjjervious to 
water, and the long passages were therefore 
admirably adapted for the circulation and retention 
of mineral and thermal 
waters, and their occa- 
sional isolation in this 
manner may enable us 
to understand how both 
ore and 8i)ar may have 
at times been localised, 
as they are so fre- 
quently found to be — 
occurring in abundance 
at some levels, and 
being absent at others. 

The limestones, 
which, as has been 
seen, are the hard and 
ore-bearing rocks par 
excellence of this dis- 
trict, ai^ disposed in 
beds (or, as they are locally called, “posts") 
of moderate thickness, and varying in number 
in each limestone. These “posts" are often 
separated by thin bands of earthy limy shales, 
and each one is cut up by a system of vertical 


joints, so that an open face of limestone some- 
what resembles a few courses of Cyclopean ma» 
sonry. This arrangement of each limestone into 
“ posts ” is very important as regards lead-mining 
here, for not onlf do the veins hold most ore 
between cheeks of this kind of rook, but they, when 
in this }>OBition, sometimes send offshoots of rich 
vein-stuff of variable length out from the parent 
mass into the stone, as it were, filling up the fiat 
spaces between the “posts" of limestone. Such 
ore-deposits are appropriately called “ flats " in this 
region, and are almost ][)eciiliar to it. Although they 
are limited in extent, Uiinning away as they recede 
from the vein, they yet add vastly to the value of 
even the richest lode (Fig. 5). 

Again, lead-ore and veinstuff are frequently 
found filling some of the cavities which are so 
common in calcareous rock, where tliej’ are eroded 
by the action of water charged with carbonic acid. 
Such caverns full of ore are always, or have at some 
time been, connected with existing, or formerly 
existing lodes, just in the same way as the “ flats.' ^ 
They are known as “ pockets " by the miners ; and 
although very rich whilst they last, their yield is, 
from their very nature, less to be relied on than 
that of the flats.* Fig. 6 shows, in section, a 
pocket of this kind which was accidentally cut 
through about thirty years ago in one of the Alston 
mines, and which was quite full of very fine galena, 
with a very small admixture of spar. The dis- 


covery of such deposits, unlike those previously 
described, is purely a matter of chance. 

* The term “ pocket is often misapplied to specially rich 
and brood masses of ore in the vein itself. Such masses are 
more properly called “bunches.” 



Fig. 5.— Showing Vein with ** Flats *' in a Three-** post ” Limestone. 
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Having now seen how lead-ore occurs in the 
Groat Northern Lead Measures, let us leave the 
veins, ordinaiy and reversed, ** flats ” and pockets,” 
to slumber in what miners delight to call the 


bowels of the earth,” and let us reti*ace our steps 
to the outer aii*, with the assurance that in what- 
ever other mineral district we may be there galena 
will be found in similar positions, the chief differ- 
ences being only such as arc directly due to other 
conditions of “ country.” Nowhere can the lessons 
of the veins be*, learnt better than among these old 
deserted mines. 

But students of Nature must not rest satisfied 
with a mere description of modes of occurrence of 


certain minerala Various questions must be asked 
and carefully considered. How did the lead get 
there? How did the vein8> “flats,” and “pockets,” 
get filled with galena, quaiiAZ, heavy-spar, calcite, and 
fluor-spar ? Modern science is now busy 
finding out answers to such questiona 
Quai*tz, heavy-spar, and calcite have been 
reproduced in our laboratories by the 
action of water under certain con- 
ditions of pressure and temperature. 
Galena, on the other hand, has been 
reproduced in what is called the “ diy 
sublimation — ^by the action 
of tire. This kind of investigation is 
known as “s 3 mthetical mineralogy,” 
and its results are calculated to throw 
a flood of light u{K)n the entire sub- 
ject of metalliferous deposits* At pre- 
sent, suflBice it to say that nothing 
has as yet been advanced which is incompatible 
with the theory that both ore and spar are 
de|)Osits due to the long-continued action, under 
pressure, of hot mineral springs. But there need 
be no denial of the possibility of other modes of 
formation in certain cases. The “synthetical” 
mineral makers have been able to reproduce the 
same minerals by very various methods, and 
Nature, we know, loves to attain her ends by more 
ways than one. 



THE SCENERY OF THE SHORE. 

Bv Pbofebbor Charles Lavworth, LL.D., F.G.S., etc., Mason College, Birmingham. 


O F all the sights that meet the eye of the 
habitual dweller in an inland district of a 
country so little diversified by abrupt physical 
features as our own, there is none that channs him 
so greatly at first sight, or retains its peculiar 
attractions unchanged for so many years as the 
view of the sea-shore. The jxirtion of the coast- 
line that first greeted his unaccustomed eyes may 
possibly have been some picturesque fragment of 
our western shore, where the dkzy cliffs plunge 
sheer into the depths of the Atlantic. Or it 
may be a part of our softer eastern coast, whore 
league after league of yellow sand borders the 
fertile farm-lands like golden fiinges. Or, what is 
far more likely, the silent sea first dawned upon 
him as he floated out upon it, over the spreading 
bosom of some vast estuary, where the sight of the 


slow-receding shores, and the ever-widening waters, 
awed him into his first true idea of its limitless 
expanse. Wherever it may have been, it was 
certainly to him a turning-point in his life, a day of 
strange emotions, uufelt before, and never to be 
forgotten. 

Even to the constant dweller upon the sea-coast, 
familiar to the shore from his earliest boyhood, it 
is doubtful if the sight ever becomes trite or stala 
He lives at the veiy boundary-line between the 
known and the unknown, between life and death. 
On the one side is the solid land, dead, impassive, 
clothed in its gieen immobile pall, the lifeless 
embodiment of stability and permanence. Not a 
mound,* not a cliflf, but bears the visible impression 
of wearing tbe same features that marked it at its 
origin. Whether seen full and clear in the brightest 
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«unIigH 01* caught vaguelji half shrouded in mist The coast of Britain yields us these pleasant 
and fog, the same familiar outlines are ever reo(^- changes in endless variety. In one spot, as at 

nisable, the veiy images of stability, unchanged and Brighton, the shining beach of sand, wet with the 

unchangeable. ebbing tide, stretches out fax into the ocean, till at 

How different the mobile sea, never the same low water the sea and land seem to melt into one. 

in its aspect for a single moment I Its surface, as In another spot, as at Beachy Head, the dizzy cliffs 

far as the straining eye can reach, is in a state of seem to plunge at once sheer (Fig. 1) into the ocean 

continual movement. Even when the air is at its depths. In one locality the blue waters run up in 

stillest, and all else seems asleep, its hissing rollers little creeks and bays far into the land ; in another, a 



Fig*. 1 .— Beachy Head. 


chase each other over the shallows, and its billows 
dash themselves into white foam upon the cliffs. 
From the shore to the long level horizon, it is 
instinct with a multitudinous, all-pervading life. 

This wonderful contrast, seen nowhere else, forms 
perhaj>8 the main foundation of our keen enjoy- 
ment of the view of the sea-coast, and gives it its 
most peculiar charm under every aspect. But the 
main source of our delight, as we wander along 
the sea-shore, is, undoubtedly, the endless variety 
in the coast scenery, afforded by frequent changes 
in the form and contour of the land as we pass from 
point to point, and the contrast of this rise and fall 
of the land with the never-varying level of the ocean. 


grassy point, marked by its whitewashed lighthouse, 
juts out into the waves. Here the cultivated fields 
overhang the watei’^s edge ; there the shore-lino is 
fringed by the long dunes of blown sand that guard 
the grassy links ” loved by the leisurely golfer. 

To the mere searcher after the picturesque, perhaps 
the most patent character of the familiar sights of the 
shore is their uncliangeablenoss. In quiet weather 
how well-defined seems to be the boundary between 
the land and sea. The daily pulsation of the tide 
steals merely a narrow fringe of beach, which the 
land ever regains at the ebb. Tlie long billows 
that break on the beach witli a noise like thunder, 
scarcely disturb the incoherent sands below them, 
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or at moBt, leave mei^y a picturesque pattet*n of 
minute wavelets on the sandy floor. The heaving 
rollers that cover the sides of the clifls with a veil 
of fleecy foam^ rise and fall aimlessly and inefiec- 
tually. 

But let him venture out when a wild north- 
easter is blowing, when the tierce gale lashes the 
waves till the sea is a chaotic mass of tumultuous 
billows, almost buried from sight in the clouds of 
hissing foaiu. If ho can bear the brunt of the 
weather, he will see that the waves no longe r keep 
the bounds that I'estroined them when the day 
was calm. Driven onward by the mad blast, 
they hurl themselves in wild disorder upon the 
beach. Mounting up the shelving shallows, they 
reach up to the sandy dunes, tear them away 
piecemeal and hurry them out to sea. The strong 
breakwater, built of gigantic blocks, seemingly 
hal'd as the hardest iron, cemented and clamped 
together into a solid uiass, trembles from end to 
end under each thud of tlie i>onderous billows, and 
the heaviest block that is broken loose is hurled 
aloft as if it were a feather. Tlie sloping “ talus ” of 
rounded fragments that guarded the face of the 
neighbouring cliff is now covered by the breakers, 
and the loose stones are uplifte<l and dashed against 
the naked face of the cliff wdtli the noise of 
artillery. 

Now, for the first time, he begins to n^alise the 
fact that he is looking upon a mighty contest — ^tho 
battle between the sea and land — one of which 
tlie ultimate issue can hardly be doubtful. It is 
impossible that any cliff, any shore, can endure such 
a terrible assault as this for ever ; and this assault 
must of necessity be renewed at every gale. The 
fragments of rock these Inllows loosen and pound 
together are the visible [iroofs of the sure and 
certain dissolution of the edge of the land. 

The coast of Britain affords everywhere abun- 
dant proofs of the destructive nature of these 
repeated attacks. The whole e^istem coast-line of 
England is being cut away by the waves at the 
rate of from two to four yards in tlie course of the 
year. The old sites of the ancient points of Raven- 
spur, Cromer, and Dunchurcli, are now buned far 
beneath the waters of the North Sea. At Wey- 
boume, in Suffolk, there is now water enough to 
float a frigate where, not many yeai's since, a villagq 
stood upon a cliff fifty feet high. The southern 
coast is lieing cut away almost as rapidly, and the 
waters are aided in their work of destruction by 
the frequent landslips that bring the shattered 
rocks within reach of the billows. The site of old 


Chichester and its ancient cathedral is now far out 
at sea. Year by year the paths of the coast* 
guardsmen retreat inland before the advance of 
the waters. 

Nowhere in Britain is the violenceof thisperpetual 
onslaught, and the swift and certain advance of the 
sea, more clearly exliibited than on the extreme 
north coast of Scotland, and the outlying islands of 
the Orkneys and Shetlands. In many localities in 
these wild regions, even on the calmest day, the tide 
runs with such swiftness tliat the seorliue is white 
with spray. In the fierce gales that sweep in 
from the wide ocean to the west, the spectacle is 
sublime and terrific. The tumultuous billows of 
the Atlantic, arrested by the land, pile themselves 
one over the other, and hurl their united waters in 
solid sheets up the faces of the perj>encjjcular cliffs 
to the height of more than a hundred feet. Driven 
onward by the tempestuous wind, which tears frag- 
ments of stone from the faces of the precipices and 
flings them far and wide over the pastures, the 
waves dash themselves up the narrow voes and 
creeks with which these coasts ai'e piei*ced. So 
great is their force that they rend off sheets of 
strata from the living rock, and pile them in hcaaps 
at the shoreward end of the creek, like the debrU 
of enormous quarries. The effects pi'oducod iu 
these regions by the combined action of the wind 
and waves are almost incredible. Dr. Hibbert 
describes solid masses of rock, containing from 200 
to 300 cubic feet, as being lifted from their native 
beds by the waves, hurled to distances of from 30 to 
90 feet, and ultimately shivered into fragments. 
The well-known “ Grind of the Navir is a mighty 
chasm which Las in this manner been hollowed out 
of solid porphyritic rook within the memory of 
man. Every little seam of softer rock is at once 
cjaten into by the waves and rapidly scoo|)ed out, 
first into a cavernous hollow, up which the sea 
washes with the noise of thunder, and finally into 
a narrow “ voe,^' dark with its overhanging cliffs. 

The coast scenery of these nortlieni islands, mom 
especially where they are composed of the old red 
sandstone, is wonderfully striking and picturesque. 
Towards the Atlantic face perpendicular cliffs, from 
five hundred to a thousand feet in height, their 
bases ever bathed in a long line of white foam^ 
and their \ipper edges fretted into countless stacks 
and pinnacles of rock in every stage gf formation 
and decay. Tinted with bright hues of red and 
yellow, their sides ribbed with the hoiizontal lines 
of rock-stratification and scored by innumerable 
joints, they rise up majestically into the air, the 
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«ilent, but awe-inspiring witnesses of the irresistible 
might of tlie ocean. 

The iinique character of this coast scenery is the 
natural outcome of the physical fact that the strata 
out of which these cliffs are carved are slightly- 
sloping beds of alternate sandstones and sliales, 
traversed by countless joints and cracks. The 
waves penetrate into these weaker jwrtions, and 
loosen the rock in cubical slabs. These are soon 
washed off, and the cliff falls away in great vertical 
slices, thus preserving its striking peqiendicularity. 
Where these vulnerable spots are more tlxan usually 
abundant the cliff is cut down to the sea-level in 
vertical chasms, and giant square-sided stalks are 
out off from the mainland, and stand isolated, like 
colossal chimney-stalks of dizzy altitude. The most 
i^markable of these is the Old Man of Hoy, 
a vast square-sided column of coloured sandstone 
six hundred feet in height, and a well-known land- 
mark to the mariners of these storm- vex(Ml shores. 

But it is not only the sandstone rocks which 
suffer from the ravages of the ocean on these 
islands. Their peculiar armngement of bedding 
and jointing allows the waves to act with greater 
rapidity ; but, in truth', nothing is proof against 
the attack of the watei’s. The hard mica-schist, 
the indurated quartz-rock, and even the intractable 
granite, waste in their tuni, each with its own special 
form of weathering. The larger islands are slowly 
broken up; the small ones melt down into mere 
clusters of fantastic rock-pillars, which, rising here 
and there far out at sea, are likened by the fanciful 
mariner to the pipes of an organ or a fleet of ships 
in full sail. 

Wherever the coasts of the British Islands are 
exposed to the full sweep of the Atlantic waves, the 
rapid devouring of the shore is especially noticeable, 
and the scenery approximates somewhat to that of 
the Orkneys and Shetlands. The west coasts of 
Scotland and Ireland are gashed to a jagged outline 
throughout The narrow creeks, the steep cliffs, 
the rocky islets, return upon us again ftnd again in 
endless succession, but varied and modifled by the 
ever-changing nature of the rocky block which the 
ocean carves. 

He who rambles along the margin of such iron- 
bound shores as those just mentioned, when the tide 
is low, cautiously picking his way over the project- 
ing ridges, and coasting the numberless little creeks 
and pools, can hardly help asking himself why the 
waves do their work so capriciously. Why does 
tins long ridge of black rock, almost buried from 
eight at its outer end by its mat of barnacles, rise 


so much above the general surface, running like a 
squat wall far out to sea 1 This little creek, run- 
ning far back into the land, never quite empty of 
the sea-waters, and fringed with its growth of blad- 
dery weed that rises and falls rhythmically with the 
motion of the waves, why is it here 1 The answers 
to these questions arc not far to seek. Let the 
observer examine the rocks before him, tapping 
them with his hammer. He will discover for 
himself, in the course of a few minutes, that the 
rock of which the projecting reef is oom|)osed is 
far harder than the strata around it; or it is 
solid and compact, formed of a single bed, while 
they are jointed, thin-bedded, or shaley. Its 
present prominence is due to the simple fact that 
the waves found it more difficult to erode it than 
they did to wear down the sniTOundiug beds; and its 
})roininence with res|>oct to tJiese will be found to be 
pretty much in direct proportion to the amount of 
the sum total of its resistance to aqueous erosion, 
as compared with the general average of the rooks 
around. 

The little bays and |X)ol8 will be found to owe 
their origin to the same cause. A softer set of 
beds, a group of tliiii-bedded shales, a more jointed 
assemblage of sandstone — anything, in fact, that 
allowed the waves to act with greater rapidity will 
1)6 found to have been the prime cause of the com 
mencement of the depression, which is daily widened 
at the exj)en8e of the harder rocks which bound it. 

If he now study a g€?ological map of Britain, he 
will see for himself that he has in this simple 
manner discovered the cause of the vast majonty of 
the repeated changes in the coast-line. The capes 
and promontories are, as a rule, formed of the 
harder rocks; the bays and inlets are erod«3d in 
the softer material. 

The hard “basset,” or ii])turned edge of the 
well-known chalk formation, i-iins diagonally through 
England from Dorset to Yorkshire. Where it 
strikes the southern shore we find the promontory 
and cliffs of St. Alban's Head, and where it touches 
the German Ocean on the Yorkshire coast we find 
the headland and clifls of Flamborough. Where its 
inlying edge that surrounds the Weald comes upon 
the Straits of Dovei*, wo find the dizzy mass of 
Shakespeare's Cliff (Fig. 2) ; where it strikes the 
Channel is the bold foreland of Beachy Head. The 
durability of the liarder chalk is apparently the only 
cause that has preserved the Isle of Wight fi’om 
destruction. It forms the rocky backbone of the 
island, and runs out to sea in the picturesque stack 
of the Needles. 
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The western edges of the British Islands are 
mainly coiniK)S(id of very ancient and most highly 
indumted stmta. Where these reach the shore 
we find pminoutory, ca[>e, and cliff in abundance. 
The poninsulas of Carnarvon and Pembroke owe 



Fig. 2.— Sbiiko3peare‘a Cliff. 


their existence' to the fact that they are comjx)8ed 
of the hardest rocks in Britain. The promontory 
of Cornwall would long suice have been burietl 
beneath the winters of the Atlantic but for the fact 
that it is a laud of granite and intractable meta- 
inoi*j)hic rocks, upon which the sea has compam- 
tively little 2 »ower. 

In obedience to precisely the same general law, 
the bays and inlets are worn out of the 8oft<*r 
stmta. The shallow inlet of the Solway Firth is 
cut in the clays and sandstones of the poikilitic 
and lias. The long inlet of the Bristol Channel 
has been plainly he^ni out of a long basin of soft 
secondary rocks that once lay between the hard 
sandstone i-ange.s of South Wales and Devonshire. 
The straits of Spithead an<l the Solent have been 
washed out of the soft sands and clays of the 
tertianes, and so also has the long estuary of the 
Thames itself. The Wa.sh and the Humber are 
cut out of the soft oolites that lie within the es- 
carpment of the chalk. The estuaries of the Forth 
and Clyde have )>een carved out of the soft beds of 
the higher carl>ouiferou.s. Countless other instances 
might be adduced. Every indentation and pro- 
jection of the coast line is an unmistaluible monu- 
ment of countless ages of erosion. 

This erosion, so |:»owerful in its ultimate effects, 
is not carried on in eveiy locality at a correspond- 
ing rate ; and, indeed, anyone who is at all 
familiar with coast scenery is almost certain to 
arrive at the conclusion that only a veiy small 
fraction of the sliore is beir^ cut away. Every 
fragment tliat falls from the cliff eroded by the 
waves is at once canned away, and the denudation 
is evident ; but Iwtween every headland in Britain 
are countless little buys with soft beaches, that 


remain permanent and unaffected by the mosb 
severe storms, the mightiest waves spending all 
their force upon the sloping shallows. The old 
bay of the Wash is now almost filled up by the 
material brought down by tlie rivers, and which the 
sea has failed to cany away. The northern 
shore of the estuary of the Thames is formed by 
miles of soft, sandy, and muddy matter, upon, 
which the waves seem to have no tangible 
effect. 

Let the reader who feels this difficulty, visit 
some little bay small enough to bring all the phe- 
nomena before his eyes in a single view. At either 
end of the bay are the two steep cliffs that over- 
hang the deei>er water, and against which the waves 
dash their fiercest. He will soon see that each 
long wave as it comes in from the sea breaks its 
original force against these cliffs, and that the parts 
of it which enter the bay itself have their speed 
arrested. Tlieir motion deci*eases in the shallowing 
water, and dies wholly away at the landward 
margin of the bay. A few minutes' observation 
will enable him to perceive that the form of the bay 
is almost precisely that given by the bounding 
headlands to the entering wave. Remove the 
headlands, and the waves would begin to destroy 
the beach ; alter the form of the entering M’^aves, 
and they will rapidly cut the soft shore line to theii* 
new sha})e. 

Whei'e, os in the English Channel generally, the 
waves strike the shore obliquely, a new set of phe- 
nomena make their appearance. At each advance 
of the wave it lifts forward the sand and shingle 
obliquely up the beach. On its retreat they roll 
back into the sea, not along the line the wave im- 
pelled them, but perpendicularly to the shore-line, 
under the force of gravity. In this way they are 
gradually driven forward along the coast- lino, and 
are gradually worn down as they proceed — their 
places bemg continually filled by fresh material. 
To protect the easily eroded coast-line, the dwellers^ 
in these parts drive rows of piles into the beach. 
Tlieso piles, or groins, as they are called, arrest for 
a time the advance of the pebbles, but the sea soon 
piles them up to the height of the gix>in, forms a 
new l^eoch a little more distant from the land, and 
the travelling of the stones goes on as before. The 
island of Portland is such a groin, which has been 
fonned by nature itself. The travelling beach 
behind Jt is the well-known Chesil Bank, which 
protects the coast of Dorset. The erosion of the 
island itself goes on with wonderful rapidity. When 
it is wholly cut away, the Chesil Bank (Fig. 3) will 
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duunppeai^, and the Dorset ooaat be again given over 
to the f ttiy of the waves. 

Along the ooaat of Britain generally, the sot of 
the currents is usually along shore, and the dJehri^ 
worn from the cliffs or brought down 
by the rivers is carried out to sea to 
the sandbanks of the Goodwins, the 
Dogger, and the like. In spots 
sheltered from the action of these cur- 
rents there is an accumulation of sandy 
matter, and the land for a time seems 
to gain upon the sea. Of this nature 
are the “links” of our northern districts, 
protected by their dunes of sand. The 
formation of these i>eculiar hillocks is 
very simple (Fig. 4). When the tide 
is out and the wind is blowing off the 
sea, the diy sand is lifted by the gale a 
few inches above the level of the ground. 

The bushes and bunches of grass tliat 
fringe the land untouched by the waves 
are sufficient to arrest the advance of 
the sand, which falls in little mounds 
along that line. Every gust pushes 
forward a little more sand, which is 
forced to the summit of the long ridge 
of heaps, and falling over rolls down on 
the opposite side. In this way a long 
mound of dunes is formed parallel with 
the sliore, liaving its height proportioned 
to the average strength of the local 
galea Within it, towards tlie land, 
are the “links” themselves, ridged 
witli the broken-down relics of former dunes, in 
one spot verdant with short sweet turf, in anothei* 
ablaze with golden gorse. 

But, like the sandy beaches, these long stretches 
of blown sand accumulate only in the sheltered spots, 


for some distance out to sea. When the tide is low 
this coast-fringe is exposed, and is seen to be a wide 
rocky platform stretching outward from the base of 
the cliffs (Fig. 5). As we pick our way painfully 


over its rugged floor we behold eveiy where the proofo 
that this platform is in reality the work of the waves. 
The base of the cliffs is smoothed by the stones that 
have been hurled against it, and is worn out into over- 
hanging hollows and deep dank caves. On the floor 



Fig. 3.— Map of the Choeil Bauk and Neighbourhood. 



Pig. 4,— Pomatiou of Uille of Blown Sand (Dunee). 

(cf.) Buebea. fence, or other obatacle to onward iirogreas of drfftinfir “and. The nrrowa indicate the direction of the wind drifting 

dry «and from the beach. 


protected by the conflguration of the neighbouring 
coasts from the full force of the ocean current. 
They derive their materials mainly from the waste 
of the outlying cliffs where the real work of de- 
gradation is incessant. Let us return to these, and 
see how this work is being carried on. 

When the tide is at its fullest, the cliffs ai'e 
Iringed by a wide stretch of white breakers, running 
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of the platform itself the might of the waves is 
quite as plain. Its surface is worn into countless 
heights and hollows, and its seaward edge into a 
multitude of small creeks and promontories. Little 
thought is needed to perceive that this platform has 
been cut bodily out of the cliffs themselves, which 
must once have stretched seaward to its outermost 
edge. 
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This sea^wom platform is met irltti wherever The ooast scenery of the shores of Sootlimd is 
the ooast is being eroded with more than ordinaiy frequently marked by a peculiarity, rarely discernible 
rapidity, running like a wide selvage along the edge in that of the southern parts of BritaiiL In many 
of the land. It is very strongly marked on the districts the line' of cliffs appears for a time to re- 
east coast of Scotland, on the iron-bound shores of treat from the actual shore-line, running back into 

the body of the land, and leaving a broad 
margin of level ground, often many miles in 
width, between it and the beach (Fig. 7.) This 
flat ground — the Carse-land ” of the Soots — is, 
as a rule, highly fertile, and forms perhaps the 
best arable land in the country. Its resem- 
blance to an old sea-platform, like those we 
have been describing, is apparent to the most 
Buperflcial observer. On a first excunination, 
however, this view of its origin appears un- 
tenable, for it is soon apparent that its general 
surface is several feet above the level of the 
highest spring-tides; but an extended ex- 
Fife and Forfar. Nor is its origin far to seek. In amination places it beyond question that these 
the open sea the waters simply rise and fall in sue- inland clifia must at one time have been reached 
cossive undulations. It is only in shallows or when by the sea^waves. We soon recognise in them 
obstructed by the edge of the land that these un- all the features of the true sea-cliff — the over- 
dulations become waves of translation, and press hanging precipice ; the frequent cavern, now 
forward the loose material that lies in front of them, scarcely visible through the veil of tangled bushes 
Even this power is restricted to a few feet of the sur- and weeds that hides the entrance ; the little creek, 
face of the waters. It ceases at a very modei*ate depth ; where the rocks &re soft, now green with short 
and it is veiy doubtful if the forward movement of sweet herbage ; the old reef, where the rocks are 
the waters a few feet below the surface is suflicient hard, rising out bare and grey through the brown 
to impel stones and boulders over 
the bottom with sufficient force 
to erode the sea-floor. The dis- 
tance at which the waves cease to 
act effectually is gauged with 
tolerable accuracy by the depth of 
these coast-platforms. Sometimes 
several of these platforms are 
bared at the lowest tides, rising 
like a series of terraces in succes- 
sive steps towards the shore. The S.^-Sea-tonucds or Tide-Unes on the Weet Ck>Mt of Ireland. (AJUr Kinahtxn.) 

deepest shelf has plainly been cut 

out by the waves of the lowest neap-tides, the soil of the corn-field. When, finally, we pick up an 

highest platform by the spring-tides in spring abundance of half-destroyed sea-shells in the grass- 

weatlier, and the intermediate steps by intermediate grown sand that fills the crevices of these old sea- 

tides (Fig. 6.) In all cases the method and results are cliffs, our conviction becomes a certainty. There 

precisely similar. The shoreward edge of the water is no escape from the conclusion that we are look- 

cuts its way in a horizontal groove landward into ing upon an ancient shore-platform, now raised 

the cliffs, the unsupported rocks above fall into the high and dry above the reach of the waves, 

waters, there to be pounded to fragments and One such solid platform, the surface of which is 
hurried off by the currents into the deeper hollows, now about 25 feet above the level of the ocean, can 

Hie seaward edge of the land is thus rapidly worn be traced almost continuously round the coast of 

down to a tolerably uniform level, and the rook- Scotland. On the east coast it forms the floor of 

bound ooast is fringed by a broad and slightly sloping the fertile oarses of Falkirk and Gowrie; on the 

platfom numing far out to sea. west coast its relics afe apparent in nearly every 
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alielter^ bay. From about 120 foot above the sea- 
levd down to its present average position, we find 
these terraoes at various heights. For this phe- 
nomenon it is clear there can be but one explanation : 
the island of Britain must have been elevated again 
and again, and these successive platforms must have 
been the work of the sea-waves during the successive 
pauses in the general upheaval. 

But if upheaval of the land has actually taken 
place, analogy would lead us to sus]’>ect that there 


may also have been depression. Though the proofs of 
depression are not so patent to the ordinary observer 
as those of upheaval, they are fully as conclusive. 
In many districts where our shores ai'e shelving — 
as near the mouths of the Tay, the Humbor, and the 
Severn — after a more than ordinarily tempestuous 
day we see quantities of peaty-looking matter cast 
up by the sea, and the entire beach blackened with 
its triturated fragments. If we examine any of the 
larger pieces of this black-looking matter, we find 
that it is made up of dark clay, 'filled with i)eat, 
pieces of wood, mosses, equisetums, aiid the like — 
the characteristic vegetation of cold moist ground. 
This is washed up by the sea from old forest l>ed8, 
now submerged below the level of the waters. In 
excavations for docks and bridges, these ancient 
floors are cut into by the workmen. Everywhere 
we find them to be composed of some thiclmess of 
peaty matter, in which lie the prostrate trunks of 
the oak, the fir, and our common forest trees, the 
old roots of the monarchs of the forest still iti place ; 
and, scattered on the old forest floor, lie the aooms 
and the hazel-nuts that dropped from the trees of the 


wood in its prime, and the sub-fossil antlers the 
deer and elk that roamed the forest glades. The 
whole is usually buried under a much later accumu- 
lation of sand and clay, full of our commonest sea- 
shells, laid down by the sea-watera that have 
overspread the site of the old forest since its 
submergence. 

Of the extent of these repeated upheavals and 
subsidences we can as yet form no adequate idea. 
The total variation of level in this part of the world, 
even since the advent of man in 
these regions, probably amoimts 
to several hundreds of feet. The 
fragile shells of the common 
shell-fish of our present coasts 
may be collected unbroken from 
the old sea-beaches of Moel 
Tryfaem, high up on the flank 
of Snowdon; and peat, turf, 
and the stumps of the forest 
trees of forgotten lands may be 
dredged from the centre of the 
German Ocean. 

In this way, by repeated 
upheavals and subsidences, every 
portion of the earth’s surface 
is brought for a time within 
the naiTow zone where, as we 
have seen, the shore-waves pare 
it down to their average level. 
Every part of the land surface, and, in all 
probability, every part of the sea-floor, becomes 
in its turn the shoi*e-line, and is subjected to 
the wear and tear of the waves of “ the wild and 
wasteful ocean.” When there is a lengthened pause 
in the general movement of the earth-crust in any 
region, then the waves have time to cut a fringing 
platform. The width of the platform recognisable 
around our coasts affords us some idea of the length 
of the present pause in the general movement of the 
earth-cinist in these regions. The corse platforms of 
the northern coasts mark former pauses, when the 
land stood much lower, relatively to the sea-level, 
than it does now. These elevated teiTaces have, 
probably, their counterparts below the present level 
of the sea. They are, however, not only invisible 
to us because of the superincumbent waters, but are 
hardly to be detected even by the most careful sound- 
ings. This is inevitable, for the inequalities of the 
sea-floor are being continually smoothed away by the 
deposition of sediment from rivers and from the 
waste of the cliffs, which is distributed by the sea- 
currents into all the deeper hollows; 



Fig. 7.-0.d Stffr-terraoe or raiaod Beaok. 
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But those pauses in the movement of the earth- 
crust are, most probably, rather the exception than 
the rule. In a continued movement of upheaval or 
depression there would be no time for these teri’aces 
to form. Again, though a terrace might appear to 


be permanent during any period of movement, as 
the land rose or sank gradually, if the movement 
were sufficiently alow the terrace would rise and 
fall with the movement of the land, the waves cut- 
ting down and lowering the old terrace as the land 
rose, or cutting forward and upwards continuously 
as the land sank. All these causes tend to give a 


gradual slope to the sea-bed, and would lead us to 
expect a gradual deepening of the sea in proportion 
to the distance fi*om land. This, indeed, we find to 
bo the case ; to s\tch an extent that the floor of the 
sea is to all appearance a continuation of that of the 
land ; where the slope of the latter 
is small the sea is shallow, where 
the land-slope is steep the water 
deepens rapidly. 

If we study a good chart of the 
coasts of Britain, we shall And that, 
as a rule, the present coast-platforms 
stretch out to sea no farther than 
the line where, on a stormy day, the 
white breakei’s begin to form. The 
floor of the sea beyond this line is 
below the depth at which the waves 
have any power in moving foreign 
matter with sufficient force to erode 
it (Fig. 8). A wide fringe of shallow 
water surrounds these islands, mark- 
ing the places where the rock haa 
been worn away when the land 
wa* higher. Beyond this the waters 
gradually deepen — nowhere, how- 
ever, to any great depth on the 
eastern and southern coasts. An 
elevation of a couple of hundred feet 
would leave dry all the floor of 
the German Ocean and English 
Channel, and unite these islands tc 
the Continent. This elevation, as 
we have seen, has probably more 
than once taken place, for it can be 
paralleled by the depressions we 
are able to demonstrate. 

If these elevations have occurred, 
we can at once account for the pre- 
sence of those shallow arms of the 
sea that separate us from the Con- 
tinent. They must have been cut 
by the shore-waves during the 
gradual rising of the land, and the 
dihris flung over the deeper parte 
of the ocean. They are very shallow. 
The deepest pointof the strait between 
Folkestone and Calais is about 150 feet ; an elevation 
to half that extent would again bring a large pro 
portion of the surface within the erosive powers of 
the sea-waves. Its shallownesB may be imagined 
from the fact that on a profile section of the Strait of 
Dover, 65 feet in length, this extreme depth would 
be represented by a depression of only one inch. 



Fif. 8.— Map ahowing tbe Frindpal Lines of Soundings round the Britidi Isles. 
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On a coinpariaon of the geological maps of the 
opposite coasts of England and France^ the sub- 
]>icion that these water-tilled depressions which 
divide them are the result of erosion becomes greatly 
strengthened. The long oval of the wealden 
formation that stretches through Sussex into Hants, 
and is out through by the coast of the English 
Channel, is seen to bo continued and completed on the 
opposite coast of France. The “ basset ” or out- 
cropping edges of the chalk which form the North 
and South Downs of England find their continuation 
precisely opposite, and in the same general relations 
on the French shores. Outside them, precisely as in 
England, lie the tertiaries. The two countries have 
clearly been carved out of a single geological block. 
The waters that now form the Englisli Channel 
and the Strait of Dover flow in a very shallow 
groove, worn on the upper face of this block, the 
strata of which it is com]>OBed being continuous 
from shore to shore under the shallow waters. 

The grand idea which this conception gives us of 
the power of the sea during long-continued p6rio<ls 
of time, dwindles into nothingness beside the tremen- 
dous amount of erosion that the ocean has eflected 


around the British Islands. A study of the 
soundings around the coasts of these islands shows 
tliat they stand upon an elevated platform con- 
nected with the continent of Europe, with a sub- 
merged surface everywhere less than 200 feet 
below the present level of the sea. Outside the 
line of 220 feet, as shown on the accompanying 
sketch-map (Fig. 8), the water deepens rapidly to 
a depth of several thousands of feet. These deep 
waters thus surround a giant searterrace, stretching 
out from the shores of Europe into the Atlantic 
Ocean. Out of the waters which now bathe this 
terrace rises the swarm of islands and islets of 
Great Britain- -like the reefs and skerries that jut 
through the waves on a coast-platform at highest 
tide. It has all the appearance of an old peninsula, 
which, like that of Spain and Portugal of the present 
day, once formed an integral jjart of the European 
Continent. The waves of the wild Atlantic work- 
ing ceaselessly for untold aeons, aided by many an 
elevation and depression, have shorn it into a 
sloping ocean platform, out of whose covering 
waters rise the worn and wasted fragments that 
form our native isles. 
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C OMMUNICATION between places separated 
by distances more or less considerable, and 
by means other than electric telegraphs, is no 
new thing. Beacon-fires by night, smoke-signals by 
day, connected series of semaphores with movable 
arms, have long been used for the transmission 
of information according to certain pre-arranged 
and definite systems or codes. But of late years 
Mgfni.lling in the army has been more carefully 
studied and f^stematii^, though the employment 
of sun-light as a means of transmitting messages 
has effected no alteration in the principles on which 
such transmission is based. 

It will be well, therefore, to examine first the 
different methods adopted, under the various con- 
ditions of service, for telegraphing from one point 
to another, and the way in which messages so sent 
are read andi tabulated. Visual signalling has the 
great advantage of being accurate, and requiring 
few appliances. It can, therefore, be employed 
where the electric telegraph could not be laid 


down or does not exist. It depends, primarily, on 
the translation of the letters of the alphabet into 
certain telegraphic symbols. These are composed 
of combinationB of dots and dashes representing 
the several letters, or certain set phrases, similar to 
those in use by the ordinary electric telegraph when 
printed or impressed by the machine itself. The 
translated alphabet used is that of Morse, and the 
letters and numbers are expressed as follows : — 

Lettrus. 


1 

JL' 


E 

11 

F 

H 

G 

T - 

H 

IT 

I 

V 

J 

W - — 

K 

X •• ' 

L 

Y — — 

M 




1S4 


Kvmbses, 

6 


SOIEKOE FOB ALL 


In military telegraphy numbers are often of 
considerable importance, and are always spelt. 
But in addition to these are the set signals, by 
which the telegraphist can signify certain neces- 
saiy facts without going through the trouble of 
actually spelling them word by word, or letter by 
letter. The most common ones are — 


Preparative. Expressed by — — — — - &c. 

Stop ,, &c. 


General Answer 

(or understood) „ —— — — — • — 4;c. 

Station sign 
Repeat 
Cipher 
Comma 
Full Stop 

These conventional signs are not difficult to 
learn, but in order to facilitate theii* committal 
to memory, Mr. S. Goode has suggestetl their tabu- 
lation in the following manner. It will be seen 
that the signals are arranged in similar groups, the 
long and short dashes being inverted, and the extra 
combination (C H) is added for uniformity : — 



Groi p I. 

E ^ 

1 T 

I 

M 

S 

0 — — — * — i— 

H 

Ch — — -M. — 


• II. 


1 N — - 

O — - ' 


Gboup III. 

If a cipher message be required, the cryptograph 
or cipher wheel may be used, but this is difficult to 
explain without practice in its working. A similar 
plan is that advocated by Sir Garnet Wolseley in 
the ** Soldier’s Pocket Book.” He divides a square 
into twenty-five spaces, numWed as here shown 
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t 




M 

A 




8 

9 

10 

11 

6 

T 

Y 

B 

c 

1) 

7 

12 


is 

7 

F 

O 


K 

li 

6 

11 

10 


8 

N 

0 

F 


B 

5 

4 

3 

2 


V 

v 

W 

X 



beginning at the left top corner, and proceeding 
along the top and down the right sideband then 
again beginning with 1, along the bottom and up 
the left side, and so on along the top again. 
Then a key -word is chosen, as for example 
“majesty,” and the letters composing it are 
entered in the squares from left to right until 
the word is complete. After the last letter of 
the word the alphabet is begun, but if the first 
letter (A) be in the key-woi*d, as in this instance, the 
next letter (B) is entered, and so on to C and D, the 
letter E being omitted again, l>ecause it appears in 
the key-word. It will be seen, therefore, that for 
every number there are two squares, 1 representing 
both M and Z for example. To send a message, 
replace the original letters by others, which stand 
in squares bearing a con'esponding number. Thus, 
if the message b^n with M, in square 1, the 
corresponding letter would be Z, also in a square 
numbered 1. 

The transposition of “ Science for All ” in the 
above cryptogiam would be UOWVDOVLCTXFF. 
And in sending a cipher message it is customary 
not to make any division between the words as 
in ordinary cases. 

The transmission of a message by any system 
of visual signalling would be conducted in this 
manner : — ^The two stations have each assigned to 
them a letter called the “ station sign,” The first 
step, then, is to call the attention of the party at 
the required point, which for illustration may be 
called B, the first station being A : — 

A signals — (station sign) (B). 

B replies — -• — • - _ .i (Understood). 

. ^ . . . . (Science). 

B replies after each letter, and at the oonolnsion 

of the wotd « MM MM Mi MMM M (UndeTstood). 
A signals Mt «mm m mm mm mm m «mm m (lor). 
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B rq^liw M liefore. 

A aigiuaa ~>i- .... (AU). 

Al.^ it ««..».«. •» 11 

The expression of the letters of the alphabet by 
lines and dots oan be effected in many ways. Bound 
can be employed, as in long and short blasts of a 
steam-whistle, a bugle, or even a fog-signal. Long 
and short jets of steam could also be used. But 
the common methods adopted are those in which 
the signals are made by flags or by mechanical 



Fig. 1.— ‘Flag Signals. 

AB. DA, representB a Dot : ac. ca, represents a Dasb. 


apparatus, the movements of which correspond to 
the presence or exposure of light and its temjKirary 
obscuration, on which the principle of the latest 
invention, the Heliograph, is based. Flag-signal- 
ling is based on the fact that flags are visible for 
some distance, but not fully so except when in 
motion. The operator, standing with feet apart, 
holds the flag, which is either all blue or white 
with a blue stripe, depending on the dark or light 
nature of the background, diagonally across the 
body to the left, with the right hand. The short or 
long dashes are then represented by a short move- 
ment of the flag to a diagonal }iosition M the right, 
corresponding to the former position on the left, or 
by a longer movement, when the flag is lowered till 
it nearly touches the ground. In both cases the 
dash or dot is completed by the return of the flag 
to its original position, across the body to the left 
(Fig. 1). FlagHttignalling may also be earned on by 
hoisting and dipping the flags on an ordinary ship’s 
mast 

He Collapsing Drum (Fig. 2) is used chiefly for 
communication between ships and the shore, and is 
worked by hand. When closed it represents 


absence, and when extended presence of light. 
The amount of time during which it is exposed 

(Fig. 3) is worked in the same way, and has been 
used for boat service. 

The Shutter Apparatus (Fig. 4) is of a similar 
character, and is used between permanent stations 


Opm {Light). CUmd. 

Fig. 2.-~Tlie CoUapBing Drum. 

on shore. The largest size has about seventy-two 
square feet of surface, and is visible for ten or 
fifteen miles in clear weather. As in the drum, the 
full exposure of the series of small shutters, each 
working on a pivot, which is effected by turning a 
handle connected by small levers with them, means 
the presence of light. When the shutters are 
moved into a horizontal position, as in Fig. 5, 



Fig. 3.— The Collapeing Cone. 


nothing can be seen at a short distance, as the 
frame and slips of wood are both very slight. 
This implies obscuiution of light. If the back- 
ground be dark, the frame should be painted black 
and the shutters white. If the background be 
light, as the sky, the converse takes place. At 
night common lanterns give very distinct signals, 
and the obscuration of the light is effected by 
means of a small screen, so pivoted ws to be capable 
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of easy movemeiit, which is interposed between the 
signaller and the observer. A good kerosene lamp 
is visible for ton miles, under favourable conditions, 
and good results have been attained by small port- 
able hand4am{)8 of the 
commonest and simplest 
description. For very 
long distances, as in tho 
triangulation of the 
Great Survey of Eng- 
land, limelight has been 
employed. In many 
countries, especially tro- 
pical ones, the nights are 
clearer and less hazy 
than the days, and tele- 
graphic communication 
can be even more readily 
effected after dark than during the blighter 
daylight. 

But all these methods have disadvantages. The 
last-mentioned, for instance, ia useless by day. 
The others are slow in application, limited in range, 
and often dependent on background, while in luidi- 
tion they are visible to 
every one, and whei*e 
many signalling |>arties 
are engaged there is 
the possibility of con- 
fusion. Moreover, an 
intelligent enemy may, 
unless tho message be 
in cipher, translate for 
himself the despatches 
that are being sent. Ex- 
cept the flags, too, all 
Fig s-sha^Apparato.. methods are cum- 

brous and often bulky. 

Tlio Heliostat or Heliograph obviates many of 
these difliculties. It is available equally by day or 
night, if there be sun or moon. It is very port- 
able, very sure, has very great range, and further, 
is seci*et. The ray of light reflected by its mirror 
is directed on one jioint only, and is visible from 
nowhere else. 

The principle of using a reflecting mirror is 
neither new nor confined to civilised modem com- 
munities alone. Mr. Galton notes* that the Nortli 
American Indians transmitted information to each 

* Art of Travel ; *’ Colonel Dodge (“ Hunting Ground* of 
the Great We»t,” pp. 367, 868) also describes thi* aboriginal 
Heliograph, by which tho Indian chief directs from a distance 
tho movements of his warriors. 




other from a lofty hill range to points beyond 
adjacent forests by means of flashes from a piece of 
glass. The fleet in which Alexander the Great 
coasted the shores of the Persian Gulf was said to 
be directed in its course towards India by flash- 
signals from the shoie. 

The Times of J uly 1 1, 1 853, states in its Orimean 
correspondent's letter that ‘‘ a long train of provi- 
sions came into Sebastopol to-day, and the mirror 
telegraph, which works by flashes from a mound 
over the Belbeck, was exceedingly busy all the 
forenoon.” This evidently indicates telegraphic 
communication by some form of sun-signalling. 

But the actual construction of an instioiment 
specially designed for such work is of comparatively 
late origin. Fii'st of all, the Heliograph must not 
be confounded with the Heliostat, though the names 
are often used indifferently. The latter is used on 
gi-eat surveys to fix the joints of the gi*eater 
triangulation of the area, and is merely a mirror 
which throws a flash steadily in a certain known 
direction, but which is provided with no means for 
obscuring the reflected ray. It has been in use 
by the Ordnance Survey of England for nearly 
fifty years. In the Cashmere survey it was used 
l)etween points as much as 100 miles apart, 
and often when intervening clouds or haze shut 
out the view of the light from the observer, it 
could still be detected by the use of a powerful 
telescope. Of course this instrument could be 
easily used for signalling, but ordinarily is not 
fitted with the moans for making r^ular and 
definite shoii: or long flashes of light. The Helio- 
graph in most geneiul use is that of Mr. Henry 
Mance, of the Government Persian Gulf Tele- 
graph Department ; but an improved ” instrument 
has been constructed by Captain Begbie, of the 
Madras Engineers, and another veiy similar to his 
by M. Leseurre, in France. 

They are all alike in principle, that is to say, the 
dash or dot is produced by a long or short exposure 
of the reflected ray. But in Mance^s instrument, 
and in the “ Field Heliograph” — the most |x)rtable 
form for field service — the obscuration of the ray is 
effected by moving the mirror itself ; while in the 
two others the reflection is shut off from the distant 
observer by a screen interposed between liim and 
the mirror. In the French Heliograph, moreover, 
this screen is like the Shutter apparatus befoi*6 
referred to, being constructed of thin slips of metal 
on pivots, which can all be turned together by a 
connecting rod and handle, so as either to expose or 
interrupt the ray of reflected light. The object of 
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thia artangement of the screen is to increase the 
rapidity with which the exposure or non-exposure 
of the ray can be made. 

It will be seen at once, however, that, putting 
aside the many things that interfere with sun- 
signalling, or ** heliography,” such as clouds and 
haze, and strata of unequally-heated air, which 
produce irregular I’efraction, the single-mirror in- 
strument is useless when signalling directly away 
from the sun. At early morning and towards 
sunset, moreover, the quarter of the hoidzoii oppo- 
site the sun can receive only extremely feeble 
reflected light. Hence it is that in both the Begbie 
and Leseurre instruments a second, or “sun-mirror,” 
is added, which can be turned in any direction, and 
which receives the sun’s rays directly, and then 
rejects them back on the signalling mirror. In the 
Begbie apparatus this is sup{)oi*ted on a separate 
tripod, as also is the screen mter|)osed between the 
signalling mirror and the observer ; but in the 
French instrument the sun-mirror is attached to 
the stand on which the signalling mirror is fixed, and 
a BCiparate stand for it is not thought necessary. 

It does not seem, from experiment, that the size 
of the miiTor affects the size of the reflected image ; 
but by increasing its dimensions greater intensity 
of light is produced, and therefore the reflected ray 
has greater penetmtive power. For long distances, 
therefore, the size of the mirror is usually inci'eased. 
One 3 inches square can signal to points 10 or 12 
miles off ; one of 4 inches, 15 to 20 miles, as a rule, 
and up to 40 miles in exceptionally clear weather. 

The only difficulty in these methods of visual- 
signalling by sun-light, is to ensure that the pencil 
of light shall be thrown on the point where the 
opposite observer stands. How this is effected will 
best be understood by a description of the instim- 
ments themselves. 

The Mance instrument, or “ Field Heliograph,” 
is shown in Fig. 6. It consists of a small 4| inch 
mirror, supported or pivoted in a light frame on a 
tripod stand. In the centre of the tniiTor a por- 
tion of the glass is left unsilvered, so that the 
signaller can look through it and direct its axis 
towards the required spot In order to set it at the 
required angle, the mirror is fixed in a frame whicli 
admits of horizontal or lateral adjustment, by means 
of a tangent screw. Vertical movement is obtained 
by means of a steel rod, which passes through a 
nut in the top of the mirror, and which is also 
provided wifh a tangent screw ; but it terminates 
in a sort of handle or key, which is kept in posi- 
tion, somewhat, by a spring. Thus when the 
114 


handle is pi'essed down, movement is imparted to 
the mirror, and on withdrawing the pressure the 
spring restores the handle to its former position. 
About 10 yards in front of the signalling stand is 
placed a “ lining-rod,” having on it a sliding stud, 
and also a small cross-piece, with a stud in the 
centre. The former is for aligning the centre of 


Fig. 6.-<~Mano6'H Field Helioi^ph. 


flahtlng Hole ; (r) Tangent Rcrcw for vertical adjustment: 
leflpcting the Mirror; («) Tangent Screw for hurlsontai 


(a) Mirror ; ib) Pigl 
id) Key for den ^ 

adjustment; (/) Tripod; ig) Sighting llod; (4] CrossO>ar with Stud; (lb) 
Blfdluff Stud nr Sight; U) Sun Bay ; ^mh) Reflected Ray at rest ; (Hex) 
J)lrectlon of object. 



the mirror with the object. The latter is Intended 
to show if the reflected ray is wandering to the 
right or left of the true line. 

A complete set of apparatus consists of two 
mirrors, a lining-rod, and separate cases to contain 
the mirrors and their frames. It is, therefore, 
possible to work in any direction, by utilising one 
of these as a “ sun-mirror,” to throw a reflection on 
the “signalling mirror.” 

The mode of operation is simple. The pressing 
back of the tangent screw, which imparts the 
horizontal movement to the glass, leaves the frame 
free to be moved by hand roughly into, the i^equired 
direction ; and the operator then looks through the 
unsilvered part of the glass and aligns the sliding 
stud on the lining-rod with the distant station. This 
is first found by moving the miiTor so as to throw 
a ray in the direction of the place, and waiting until 
the answering flash determines its exact position. 
The cross-bar on the lining-rod is adjusted at right 
angles to the rod, about a foot below the sliding 
stud ; or, rather, it should be so placed that the my 
of light should rest on the stud in its centre when, 
the instrument is not moved, and should rise to 
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And rest on the gliding stud when the key or 
handle is fully pressed down. Movement, for 
signalling, can now be given to the mirror by 
pressing the handle ; and as the |>OBition of the 
sun alters, which would be shown by the ray 
passing to the right or left of the stud in the 
cross-bai* of the lining-rod, a slight touch of the 
horizontal tangent screw will bring the ray back 
to the central position. 

The disadvantage of this instrument is said to be 
that the movement of the handle, or key, disturbs 
the glass, and has a tendency to alter its position. 
This would especially be possible on sandy or soft 
sites. 

The Begbie amuigement (Fig. 7) is designed 
to meet this difficulty. It consists of two mirmrs 
and screens, each upon a tri|3od stand. Each mirror 
has a hole in the centre, in which can be fixed 



Fiff. 7.— Bogbie'n Field HellogT»ph. 


(a) Signalling Mirror ; (b) Righting Hole with whito Iliac; (c) Rmall-ntotlon 
Screw for vertical ntljuatmcnt; (d) Key, for iignalllng, <in Hcrccnttii; («) 
Small-fuotioT) Screw on Trlnod for honzontal aujustment; (/» Tripod; (a) 
nlghting-Bar clainiH'd to TtIikmI; iA) Screw for clainpinKCroiW'Wire Frame! 
(kt Crt*#ia-wlre Frame ; (r) Siin Mirror; <.f) Blgliting-hole with black l>l»c; (p) 
Screen; (j») Bun ray; (/*») Higbting-line a.”* 


d and direction of reflected ray. 


white or black guiding discs ” (the use of which 
will be seen hereafter), and has a slow-motion 
screw on its frame for vertical adjustments. Small 
horizontal adjustments are produced by a slow- 
motion screw at the head of the tripod. From the 
signalling mirror projects a horizontal bar, which 
can be moved in any direction, and clam|)ed when 
in its proper line. At its extremity is a small 
circular frame, with cross-wires and a sighting-hole 
in the centre, which is fixe4 on a rod that moves 
np and down in a socket at the end of the bar, and 
wliich can be clamped by a screw. The sun-mirror 
is 5 inches, the other 4 inches square. Finally, the 
screen, which is in one piece, and unlike, therefore. 


the Venetian-blind sort of arrangement of Leeeurre’s 
instrument, is provided with a key, or handle, by 
which it can be made to obscure or expose my 
of light from the signalling mirror. Its position, 
therefore, is just in front of the cross- wire frame, 
and the reflected ray should fall on its centre. 

Of course the machine can be worked like the 
Mance pattern, that is to say, when the position is 
favourable the sun-mirror can be dispensed with. 
In this latter case, then, the mode of operation is 
as follows : — While an assistant stands at the end 
of the bar to move it horizontally, or else raise or 
dejiresB the wire frame as required, the observer 
looks through the hole in the mirror and aligns the 
centre of the cross-wires with the object. The 
arm and wire frame are then clamped, and a white 
disc is jilmjed in the hole in the latter, and a dai’k 
one in the hole in the glass. The mirror is then 
tinclamped at the tripod-head and moved till the 
ray of light rests near the sighting arrangement, 
and tlien being re-clamped, the small-motion screws 
are used to bring the reflection of the black disc of 
the mirror on to the white disc of the cross-wires. 
As, owing to the motion of the sun, the black disc 
shadow jiasses over the vhite one, it is brought 
back by the small-motion screws. 

In using the second or sun-mirror, the tripod on 
which it is fixed is placed on one side of, and about 
a foot in front of, the signalling glass. After 
aligning the latter with the object, as before 
described, a white disc is placed both in the cross- 
wiros and the signal mirror. Then looking through 
the hole in the sun-glass, the ojierator should alter 
the position of the other glass until the reflection 
of the hole in the cross-wirea coincides with the 
white disc on it. Next, by the small-motion screws, 
the position of the sun-mirror should be alterod, 
until the black disc, which now fills the hole in it, 
is reflected on the white disc in the other glass. 
Then the screen tripod is placed in position, and 
the signalling mirror should not be moved again, 
any alteration rendered necessary by the sun^s 
movement being remedied by the sun-glass. 

Though this obviates the possible disadvantage 
of moving the signalling glass itself, it has still 
disadvantages. First, the quantity of apparatus 
is greater, and the weight, 12 lbs., as compared 
with the 6 lbs. of a simple Mance instrument, is 
therefore greater. Next, it requires two operators 
to manipulate the signals — one at the screen, the 
other at -the mirror. Lastly, the working of the 
screen through an arc of 90^ takes a relatively 
longer time than moving the mirror itself throu^ 
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2^; that is to say, the Begbie iustrament is slower 
ia operation thim that introduced by Manoa 
At Ekowe, in the campaign in Zululand, the 
whole apparatus had to be improvised, a common 
looking-glass belonging to one of the staff being 
utilised. The great difficulty experienced was 
in directing the flash on to the position occu- 
pied by the signalling party on the hills above 
the Tugela. A common gun-barrel resting on bags 
of ‘‘mealies” (Indian com), and provided with 
brightened bullets for sights, was first tried, but it 
was not very successful. Then two wires with the 



a US, 8.— Liuiug-roda at Ekowe. 

<a, a) Bent Wire; (b, b> Biightened Bulletfl; (Ix^ Line of Sight to the Tugela. 

upper parts bent into the form of a semi-cii*cle, 
and with cross-wires uniting the bent end with 
the upright part, were tried. The sights wei’e 
composed of brightened bullets in the centre of 
the cross-wires, and when these rods were set in 
the ground and aligned with the flash, no difficulty 
was experienced in communicating (Fig. 8). 

In India, in some of the Cashmere surveys, the 
native assistants dispense with the sighting-rod, 
using only a piece of straight bamboo with a piece 
of cotton wound round it at the proper altitude. 


And there are many ways in which means of 
aligning the ray, which is the only practical 
difficulty, could be improvised. 

Sun-signalling has great advantages over all other 
methods of visual telegraphy. Messages can be 
transmitted to gi*eat distances, and the clearness 
with which the signals can be made renders back- 
ground of but little importance. In flag-signalling 
the distinctness of the signal depends materially 
on this question, and one of the first points that 
requires the operator’s attention in this case is 
that he should place himself in the exact line in 
which he is going to telegiuph, and then tuniing 
his back upon the distant station, notice against 
what materials his signals will be shown. On this 
depends his choice of the flag for the work. Un- 
broken backgrounds are better than more varied 
ones ; thus trees and the sky would represent the 
darkest and lightest classes. And this kind of 
signalling can be most favoumbly carried out when 
there is a clear atmosphere and a clouded sun. 
Heliography, on the other hand, is naturally most 
effective on a clear day and with a bright sun. 
Given these conditions, there seems to be no 
practical limit to the distance over which a signal 
can be transmitted. The ray of sunlight is not 
lessened materially in intensity by reflection from 
the mirror’s surface, for it is merely bent or altered 
in direction. But for great distances a consider^ 
able altitude for the signal station is essential, and 
this is not always obtainable under ordinary con- 
ditions of ground. 


DEW AND HOAR-FROST, 

By Robert James Mann, M.B., F.R.C.8., F.R.A.8.i arc., 

i of the Meteorological Society. 


E very one who has strolled over green pas- 
tures in the evening is aware that the grass 
becomes wet to the feet, when beaten and bare 
paths still continue dust-covered and dry, and when 
the atmosphere and sky above are without trace of 
mist or cloud. The dew which thus moistens the 
grass in the early evening is as old as the hills. It 
descended upon the sides of the snow-capped 
Hermon (Fig. 1) and upon the mountains of Zion 
three thousand years ago, when David followed his 
father’s sheep at Bethlehem. The Greek philoso- 
pher Aristotle, more than twenty-two centuries 
ago, was aware that it was most generally present 


on clear and serene nights. It has been amongst 
the most familiar of the objects that have haunted 
the footsteps of men fi'om the earliest days. Yet 
a short seventy years ago scarcely anything was 
known of its actual nature. Pi'eviously to that 
time it was regarded by some scientific authori- 
ties as being a result of fine rain precipitated from 
the higher regions of the air. By others it was 
held to be an emanation distilled out of the ground. 
The alchemists of the Middle Ages considered it 
an exudation from the stars. As recently as the 
year 1784, Dr. William Charles Wells, a physician 
of London, who afterwa^s managed to get the 
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first clear insight into the secrets of its birth, an effect of its presence. In the light of the clearer 
maintained that it was the parent, and not the information which scientific men now possess, it is 
ofispring, of cold. It was in that memorable year, difficult to understand how there could ever have 
however, tliat the ingenious and successful experi- been any mistake upon this point, in the face of the 
ments of shrewd questioner of Nature began familiar result, known at the time to every one> 



Fjg. I.—Moviit Hbukoh. (From a Photograph by F. Mawn Oovd,) 


to be made. Upon a certain lucky occasion, whe* that when a drinking-gloss of cold water was 

he was staying in the country, having placed a ther- brought into a warm room in the summer, the outside 

mometer on the grass when this was wet with dew, of the glass was immediately bedewed with trick- 

he noticed that it indicated a temperature eight ling moisture. The deposit of water in this well- 

degrees lower than another instrument suspended known case is manifestly an artificial manufacture 

two feet above the ground. It was from this first of dew. In all essential particulars it is a quite 

observation he was ultimately led to the discovery similar process to the one which is practised by 

that the greater cold of the lower position was the Nature 'v^hen dew is formed on the grass. The 

cause of the deposit of moisture upon the grass, only difference in the two occurrences is the way 

instead of being, as he had previously conceived, in which the cold that effects fhe precipitation of 
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the HqueouB vapour is brought into play, and it was 
the instrumentality by which this cold was pro- 
duced in the instance of the grass, which it was the 
good fortune of Dr. Wells to trace out and demon- 
strate by means of direct experiments carried on 
between the years 1812 and 1814. 

The experiments of Dr. Wells were of a very 
simple and easily intelligible character, notwith- 
standing the impoiiant principle of meteorological 
science which they established. They were for the 
most part carried out through the instrumentality 
of small flocks of cotton-wool. He first weighed out 
this homely mateiial into parcels of ten grains each, 
and ho then teased ” and loosened out the fibres 
of each parcel until it assumed the form of a flat 
circular flock, exactly two inches in diameter. These 
flocks of identical weight and sisse were then exposed 
to the moist ah’ in different ways and under vary- 
ing conditions, and it was afteiwards ascertained 
how much moisture had been dejK)sited in any one 
of tliem during an entii'e night’s exposure, by again 
weigliing the flock in the scales. In his first ex- 
periments, he supi)orted a painted board, one inch 
thick, four feet above the grass, upon slender 
wooden props, and then fixed one of his circular 
flocks of wool u|)on the top of the board looking up 
towards the sky, and another l^eneath the board 
looking down to the grass. The two flocks were 
thus only one inch apart, with the thickness of the 
board between them ; and both were freely open to 
the air. After an exposure of an entire night in 
these circumstances, it was found that the flock on 
the top of the board looking up to the sky had 
gained 14 grains in weight from the moisture 
which it had imbibed, whilst the flock beneath, 
which looked towards the ground, only ii3crea8ed 
four grains in weight. In his next proceeding, he 
arranged two precisely similar flocks of wool, a 
little distance apart, upon the grass, and then 
sheltered one from the sky by a pent-house of card- 
board, whilst the other was left without any cover- 
ing above. In this case, after a night’s exposure, 
the uncovered flock had increased 16 grains in 
weight, whilst the one screened by the card-board 
had gained only two grains in weight. In order to 
make it quite sure that in this instance it was not 
rain which had fallen upon the uncovered wool to 
cause its increase of weight, he repeated the experi- 
ments in a modified form, by placing a circular 
cylinder of baked clay, 12 inches across, and 30 
inches high, and open at the top, round one flock of 
wool, instead of covering it with the ridged pent- 
house. If rain were the cause of the load of moisture 


which the screened wool received it would clearly 
get to it on any still night through the roofless 
screen. But as a matter of fact, the flock included 
within the open circular wall only received 8 grains 
of moisture, whilst a companion flock upon the open 
grass received 16 grains. When one flock of wool 
was laid upon the open grass, whilst a second was 
placed close at hand upon a gravel walk, the wool 
upon the grass increased 16 grains, whilst the wool 
upon the gravel increased only 9 grains. Upon 
examining in connection with this experiment the 
actual temperature of the grass-plat and the gravel- 
walk, two and a half liours after sunset, it appeared 
that the gi’avel was sixteen degrees warmer than 
the giuss. It was manifest, therefore, that the 
grass had shot off, or distributed, its heat into the 
air-space above mucli more rapidly than the gravel, 
and there could he no doubt that this was the 
proper inttirpretation of the deposit of the moisture 
upon the grjiss, anti of its absence upon the gravel. 
The grass had l)ecome so chilled by the radiation 
of its heat, that it was capable of condensing upon 
itself the vapour that had been just before contained 
in the surrounding air. The fibres of cotton-wool 
do precisely the sumo thing. Indeed, it has been 
ascertained by direct trial that cotton-wool radiates 
its heat off into space one-fifth part more rapidly 
than grass, and that grass does the some thing fo\ir 
times more rapidly than gravel. In th(i first 
experiments of Dr. Wells, the pent* house of j)aste- 
board and tlie circular wall of baked clay each 
acted as a sci’een, and prevented the heat from 
escaping from the wool up into the air as speedily 
as it would have done without their intervention. 
It may thus then be accepted as scientifically proved 
that dew is simply the moisture abstracted from the 
air by the rapid cooling of the bodies with which 
that air is in contact. Dew is less readily formed 
on cloudy nights, because the clouds overhead then 
act as heat-screens, very much in the same way as 
the paste-board roof and the baked clay wall in 
Dr. Wells’ experiments. It is not formed on windy 
nights, because the drifting air then brings its own 
temperature to the ludiating bodies, and prevents 
them fi’om getting cooled as speedily as they would 
otherwise do. Under all circumstances, dew forms 
upon some bodies, such as wool and grass, and not 
upon others, such as grjwel and mould, because in 
the one case those bodies are good radiators of heat, 
and cool very quickly under an unscreened sky, 
whilst in the other case they are bad i*adiators, and 
cool very slowly, notwithstanding their free and 
open expositive. 
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The power of radiation in cooling the surface of 
the ground after the dii*ect heating influence of the 
sun’s i*ays has been withdmwn, is very much more 
considerable than it is generally conceived to be. 
The well-known meteorologist, Mr. Daniel, re- 
marks that the ground in London occasionally sinks 
to the temperature of freezing water at night, 
during nine months of the year, and that it not 
unfreqiiently descends to within five degrees of the 
freezing-point during the other three months. It 
has been ascertained that even in Jamaica and in 
the inter-tropical regions of America, the ground is 
often cooled fully eleven degi^ees at night. Upon 
the Grand Plateau of Mont Blanc, nearly 13,000 
feet up on the mountaiu, the snow is very fre- 
quently twenty-three degrees colder at night than 
the superjacent air. It is the cold which is pro- 
duced by the ground radiation at night which enables 
ice to be formed without any complicated apparatus 
even at Calcutta. Shallow pits are dug out in the 
earth two feet deep, and are filled with straw. 
Flat dishes^ of porous, unbaked clay, containing 
a small quantity of water, are then jdaced upon the 
straw, and left exposed to the sky through the 
night. The heat is in consequence so rapidly 
radiated away from the water that it becomes 
frozen into ictj. The straw occasionally descends to 
a teraperatui’e of 27'" when the air is standing at 
48'^ Fahr. above. Half a ton of ice is not unfre- 
quently procured by this inanjigoment from a pit 
120 feet long and 20 feet wide. 

Cold, however, is not the only condition which 
is concerned in the formation of dew. Whether 
dew is, or is not> deposited at any given tem- 
peratui’e depends very much upon the amount of 
invisible va|K>ur that is contained in the air at 
the time. It will be remembered that at each 
particular degree of temperature the air can sustain 
a certain charge of invisible vapour. At the freez- 
ing point of water it can hold a trifle in excess of 
two and a half degrees in each cubic foot, whilst at 
60° Fahr. it can retain nearly six grains to the foot, 
and at 80° nearly eleven grains.* The slightest 
diminution of heat through radiation would suflSce 
to cause deposits of dew at either of these tem|>era- 
tures in air charged with moisture up to these 
amounts. But a much greater depression of tem- 
perature would be required for the formation of 
dew under the circumstance of jiartial saturation 
with vapour at low temperatures than at high ones. 
This is a natural consequence of the circumstance 
that the capacity of air to hold invisible va})Our 
* “Sdenoe for All,’" VoL U., pp. 232-3. 


augments with increas^ temperature at a con* 
stantly accelerating rate. The higher the tempera- 
ture, the greater is the increase of the moisture of 
air for each degree of cooling. Each particular 
state has its own point of depression, or cooling, at 
which dew would begin to be thrown down. It is 
on this account that all tables prepared to be used 
with the dry and wet-bulb thermometers in ascer- 
taining the sjjecific moisture of air,t give the 
temperature at which dew would begin to appear 
by Idle side of the figures which express the degree 
of humidity. It is this which is technically termed 
the dew-point. Thus, when a dry-bulb thermo- 
meter exposed to the air shows a temiierature of 
60°, and the wet bulb indicates 55°, and the 
humidity of the aii* is 71 per cent, towards satura- 
tion, the amount of vapour present in each cubic 
foot is four grains and a tenth, and the dbw-point 
is 50*6°. This moans that if in such condition 
of the air any i*adiating substance were cooled 
down 9*4° lower than the temperature of the air, 
dew would immediately begin to be deposited upon 
it. Mr. Marriott, the Secretary of the Meteoro- 
logical Society of Loudon, has published a very 
serviceable table for at once ascertaining the dew- 
point of the air in any given condition of tempera- 
ture and moisture indicated by the dry and wet- 
bulb thermometers. This table merely gives the 
number of degrees in each state of moisture indi- 
cated by the wet-bulb thermometer, which would 
have to be subtracted from the reading of the 
instrument with the dry bulb, in order to cause the 
commencement of the deposition of dew. 

Daniel’s Hygrometer, an insti*ument alluded to 
in a previous paper,t enables the degree of cold at 
wMch dew begins to be deposited in any existing 
condition of air, to be ascertained by direct experi- 
ment, instead of by inferential deduction from the 
readings of dry and wet bulb thermometera It is, 
in fact, an apparatus for the artificial production of 
dew. Temperature is reduced around the enclosed 
theimometer by the evaporation of ether until dew 
is seen to be formed on the outside of the investing 
bulb. A still more convenient instrument, how- 
ever, has been devised by the French meteorologist, 
M. Regnault, for the direct observation of the 
temperature at which dew begins to form. This 
apparatus consists of a bright silver bottle, through 
the neck of which a delicate thermometer is intro- 
duced in such a way that its bulb is plunged into a 
small quantity of ether contained in the lower part 
of the bottle (Fig. 2), 

t “ Sdenoe for All,” Vol H., p. 230. 
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A small flestible tube, a a, attached to one side of 
the bottle, is continued on into a pipe which dips 
down beneath the surface of the ether inside. When 
this flexible tube is blown into by the mouth, the 
air flrst bubbles up thix>ugh the ether and then 
escapes through the opposite side of the bottle, b, 
and through the hollow interior of the stand, c; 

but as it does so it 
carries a considerable 
charge of the vapour 
of the ether with it, 
and by that means 
lowoi’S the tempera- 
ture both of the 
l>ottle and of the 
thermometer, until 
dew begins to appear 
upon the bright sur- 
face of the silver. 
At tliat instant the 
thermometer shows 
the temperature at 
which the deposit oc- 
curs, and a glance at a 
second thermometer 
placed outside the 
stand tolls what the 
temperature of the 
air is at that time, 
and consequently how 
many degrees that 
temperature would 
have to be depressed 
for the formation of 
dew. 

Observations made 
by instniments of 
this class are of great practical importance, because 
they indicate beforehand the temperature which may 
be expected to be the lowest that occurs in the 
approaching night. When dew begins to form, it 
at once sets free a considerable quantity of latent 
heat, which was before insensibly employed in 
keeping the water in a state of expanded vapour. 
This emancipated heat then acts in warming the air 
and preventing it from sinking to a still lower 
temperature. In this way, air surrounding the 
surface of radiating objects, such as the leaves of 
Hving plants, is kept alternately rising and falling 
in temperature close upon the degree of cold at 
which the dew is deposited for a considerable time. 
The radiating objects first grow a little cooler from 
the dissipation of their heat, then dew is deposited, 



Fig. 2.— fieguault's Apporatui for ob- 
serving the Temperature at whioh 
Dew is Deposited. 


and they are warmed by the latent heat which is 
in that way set fi*ee ; and the two processes of slight 
cooling and warming alternately recur for some 
time. If on a clear still evening, dew is found to 
be deposited at a temperature of 44^, it is certain 
that no injurious frost will occur on the following 
night. But if dew is not formed until the 
temperature is reduced to 29^*, there will most pro- 
bably be Bufticient frost in the night to injure 
delicate plants. The efficacy of tlie gardener’s 
operation of covering up his plants in a cold season 
with matting and straw, entirely depends upon the 
power which these coverings iK)S8es8 of preventing 
the radiation of heat from the living structures. 
They act precisely in the same way as the card- 
board screens in Dr. Wells’ experiments. They 
prevent the plants from being sufiiciently cooled 
down to determine the freezing of their juices. 

The moon has no heat-sci’eens around it of any 
kind. It has no investment of either vapour or air. 
It consequently throws oft' the heat fi*om its surface 
with great raj)idity as soon as this is turned away 
from the direct influence of the rays of the sun. It 
has l>een calculated that the lunar surface is raised 
by sunshine to a temperature of something like 
750° Fahr., soon after the i>eriod of full moon, and 
that it is depressed by the influence of radiation 
into space to something like 187° below zero, or 
219° below frost, soon after new moon. The heat 
which is thus radiated from the hemisphere of 
the full moon is quite intense enough to make its 
way across the chasm of apace which intervenes 
between it and the earth, but it takes effect only 
in causing the ab8ori)tion and dissipation of mists 
and clouds in the higher regions of the aii*. No 
lunar heat reaches the ground. It is a curious 
circumstance that the heat radiated from the full 
moon thus in reality tends to make that portion of 
the earth’s surface which is most immediately 
opposite to the full moon colder, instead of warmer. 
By clearing the earth’s atmosphere of clouds, it 
enables the terrestrial surface to shoot off its own 
heat more readily. The full moon virtually with- 
draws some part of the warm clothing of the earth 
during the chill hours of the night. 

The cold produced by direct radiation from the 
ground on clear nights is at once indicated when 
thermometers placed upon the ground, and a few 
feet up in the air, are compared. The temperature 
is almost invariably lower at night upon the grass, 
than it is in a higher situation with free exposure 
to the sky and air, and the excess of cold upon the 
grass is always increased by the clearness of the 
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sky. The mere drifting across of cloud-screens 
overhead immediately lessens the difference of 
tem]>eraiui*e indicated in the two positions. Re- 
cording tliermometers placed on the grass at night 
almost always give lower readings than similar 
instruments fixed upon walls, or on stands that 
raise them up a few feet into the air. As much as 
20° of diffeience is not at all an iiucommon one, 
and as much as 29° hsH been observed even in 


of dew. Some meteorologists have estimated the 
amount at five inches of vertical depth, or about a 
seventh part of the moisture which is evaporated 
into the air. Some recent experiments, very care- 
fully made at Walton-on-Thames by Mr. George 
Dines, seem, on the other hand, to indicate that the 
dew scarcely amounts to more than an inch and a 
half of water in the year. The quantity of dew 
which is supplied to the earth in most places in 



England. Very much more even than this some- 
times occurs in hot, dry climates, where the surface 
radiation is very energetic at night. Tliis process 
of ground-radiation explains the familiar fact that 
in England frost is so frequently indicated by ther- 
mometers placed on the grass, when there is not 
even a near approach to it in the air four or six 
feet above the ground. It also accounts for the 
well-known circumstance that delicate plants are 
often injured by frost, although nothing of the kind 
has been indicated by thermometers placed upon 
walls, or in high situations. 

It is not possible to say how much water is 
thrown down upon the earth in a year in tlie form 


England, very probably lies somewhere within the 
limits of these extremes. Whatever the exact 
quantity may be, it is, at any rate, enough to render 
very essential service in supporting vegetation 
through seasons of drought, when very little rain 
falls, and to justify the Hebrew Psalmist in 
speaking of it as a Heaven-sent blessing. 

The popular notion that a thick covering of snow 
protects vegetable structures contained in the earth 
beneath from the injurious effects of frost is entirely 
supported hj the testimony both of principle and 
fact, notwithstanding the great radiating capacity 
of the external surface of snow which was referred 
to in speaking of the temperatures upon the Grand 
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Plateau of Mont Blanc. The depression of tempera- 
ture the effect of radiation is almost entirely 
restricted to the outer layer of the frozen deposit. 
The white porous mass which lies beneath contains 
as much as eight or ten times its own bulk of air 
mingled in with the frozen particles, and on that 
account is a very bad transmitter, or conductor, of 
the heat. None of the effect of the radiation is 
communicated through more than a very few inches 
of the snow, and the layers in contact with the 
earth are therefore commonly many degrees warmer 
than tlxe layer in contact with the air. The snow- 
coat acta to the ground veiy much as the woollen 
“ cosy ” does to the teapot inclosed within its folds. 
It prevents it from dissipating its heat. The actual 
ground a few inches in, very rarely descends to the 
temperature of freezing water if it is covered over 
by deep snow. In snow-covered lands the mean 
temperature of the ground is commonly as much as 
9® wanner than that of the air, and in some 
exceptional instances tlie ground has been found to 
be 40® warmer than the outer surface of the snow- 
covering. 

The exceedingly beautiful appearance with which 
most of the inhabitants of England are familiar 


under the name of hoar-frost (Fig. 3) is nearly allied 
to dew. The white incrustation which at such times 
ornaments the landscape is, indeed, neither more 
nor less than frozen dew. It is dew deposited at a 
time when the dew-point of the air stands lower 
than the freezing-point of water, and when, there- 
fore, the moisture which is abstracted from the air 
at once presents itself in the form of needles of ice. 
The ice spicules are arranged in a somewhat con- 
fused and indeffnite way, on account of their inti- 
mate association with, and deposit upon, the surface 
of the radiating objects. The needles project from 
the frosted surfaces like the short, stiff* hairs of a 
stubbly brush. They are most abundantly pro- 
duced and most lengthened out wherever the radia- 
tion of heat is most energetically carried on, as it is 
at the points and sharp edges of serrated leaves, 
and each different kind of plant consequently has 
its own pattern of frosting. Hoar-frost is very 
rarely seen on smooth, rounded surfaces, and it 
never appears where radiation is prevented. Screens 
expanded above and around are, on this account, 
quite as effective in preventing the occurrence of 
hoar-frost on plants as they are in obviating the 
deposit of dew. 
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I N a previous paper* we discussed the anatomy 
and physiology of that well-known animal the 
lobster, and we then endeavoured to show that 
within the compass of the economy of that familiar 
being, a considerable amount of natural history lore 
was contained and illustrated. It was also shown 
in the paper referred to, that the lobster might be 
made to serve as a tyi3e and I’epresentative of a 
large number of other animals, so that an acquain- 
tance with its structure placed us in possession of 
trustworthy information concerning the general 
anatomy of creatures apparently differing widely 
from the crustacean in most respects. Insects, 
spiders, centipedes, and a host of other foims, 
possess bodies which are constructed on the same 
fundamental tyjje as the lobster's frame ; and a 
knowledge of the latter therefore served to convey 
to us the brood principles of structure as presented 
to view in that large natural group of animals 
named Armulosa^ or Artimlata. Now, in somewhat 
* Soienoo for AU,” Vol. II., pp. 34-41. 
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similar fashion that familiar creature the frog can 
be made, under zoological tuition, to convey to us 
the broad features of structure presented by the 
Vertebrate, or ‘‘back-boned" animals at large. Even 
man's own structure will be found to correspond in 
its broad lines and aspects with that of the frog; 
and given a facility of availing one's self of common 
souroes of information, it may be shown that not a 
few points in human existence become clear to us 
from the study of a frog. 

To describe the appearonce and every-day aspect 
of frog-existence would be a supei-ffuous task. The 
animal “ sits" at ease very much as does a cat; and, 
indeed, exhibits also much of the stolidity of expres- 
sion which characterises the familiar denizen of our 
hearths. In watching a frog in its rosting posture, 
(Fig. 1), we perceive that it possesses characters 
which readily entitle it to rank as a member of the 
highest group, or sub-kingdom, of the animal 
world. Its limbs are thus found to be four 
in number, and to possess, as everybody knows. 
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like the hody itself, an inner skeleton. In this 
respect, the frog agrees with man himself and with 
all other vertebrate animals ; for in that group the 
limbs never exceed four, and are always in pairs — 
although, indeed, we may find no limbs at all, as in 
most snakes, or only one pair, as in whales and some 


by the case of lizards, serpents, and the like — are 
well provided in the matter of body-covering. 

There is no distinct neck in our frog, the broad 
flattened head appearing to join the trunk directly 
and of itself. The eyes are very prominent ; and 
although ears would, at first sight, appear to be 



Fig. 1.— Frogs at Ebst. 


fishes. The frog^s hind limbs are seen to be dis- 
proportionately long when compared with his fore 
members. These elongated limbs form very effec- 
tive swimming-paddles, as might readily be supposed, 
and their five toes are dtily webbed for natatory 
purposes. The front limbs possess four fingers only, 
and these fingers are destitute of a web. The frog 
is entirely unprotected by any hard covering. No 
scales are present, and in this respect, we may note 
in passing, it presents a very decided contrast to 
the reptiles, which — as may be readily illustrated 


wanting, the naturalist would point to a tightly- 
stretched surface of skin existing just behind the 
eye, and coloured of a dark hue. This is the 
tympanum^ and represents the “drum” of the ear in 
higher forms of life ; so that our frog's ear may be 
roughly compared to our own organ of hearing, 
minuH the outer ear and also the passage leading 
from that outer ear to the drum. " There is no trace 
of a toil in the full-grown frog, albeit that in early 
life it certainly possesses an appendage of that kind, 
such an observation warning us that in studying an 



A FEOa 


147 


animal form, it is necessary to become acquainted 
with its early history (or development) as well as 
with its later existence. The last feature of general 
interest in the outer aspect of frog-existence consists 
in a very noticeable prominence which appears in 
the animars back, just where the haimch-lx)nes and 
the spine are joined together. This prominence 
well-nigh gives the animal the appearance of being 
** broken-backed ; ” but if we glanced at the skeleton 
of the frog, as placed in a sitting pos- 
ture, we should discern that the pro- 
minence in question was a perfectly 
natural and normal feature of its 
anatomy, and that it was due to the 
sharp angle formed by the union of 
the animars haunch-bones with its 
spine. 

So much for the external features 
of the frog. Beyond an occasional 
“wink” and a “croak” — which may 
bo regarded as musical or not, accord- 
ing to the proclivities and tastes of 
the hearer — the frog, when at rest 
(Fig. 1), may be looked upon as the 
apotheosis of placidity. Breathing 
j proceeds slowly and legularly in 
the animal, and, as we shall here- 
after observe, is a process per- 
formed differently, in respect of its 
mechanism, from respiration in our- 
selves. When touched or irritated, 
the frog is given to the exhibition 
of discretion as the better part of 
valour. It nimbly leaps forward from 
the source of irritation, and if placed in the water 
swims with ease and agility. Impelled to eat by 
the claims of nutrition and the warnings of hunger, 
the frog captures its insect prey with dexterity. 
The tongue of the animal is attached, not to the 
back of the mouth as in higher animals, but to the 
front of the lower jaw, so that when a frog pro- 
trudes his tongue it is the free and forked hinder 
half of the organ which is seen, and with which tlie 
animal seizes the unwary insect — a work much 
aided by the glutinous secretion with which the 
tongue is covered. 

The answer to the question, “ What is a frog ? ” 
depends largely on a knowledge and understand- 
ing of its “ development.” About March in each 
year, as eveiybody knows, the frog’s eggs are 
deposited in ponds and ditches. They form a 
jelly-like mass — not unlike a tapioca-pudding in 
appearance — in which the “ yolks ” of the eggs are 


apparent as specks of a black colour. The outer, or 
glutinous envelope of each egg swells to many times 
its original size, owing to its taking tip a large 
amount of water ; and hence a mass of frogs’ eggs 
appears to cover a much larger space than is due to 
their oiiginal and normal size. The early changes 
noticed in the frog’s egg are highly intei’esting, not 
merely because they show us the first beginnings in 
nature’s manufacture of the living form, but because. 


appear common to tlie entire animal woild. The 
beginning of development is ushered in by the egg- 
yolk undergoing a process of segmentation (Fig. 3), 
or division. This division proceeds most regularly, 
and only ends when the yolk has become divided 
into an immense mass of cells, so closely packed 
together that they somewhat resemble a mulberiy ; 
and hence the concluding stage of egg-segmentation 
is named the mulberry stage^ or morula (Fig. 3, A). 
It is up to this stage that animal development at 
large appears certainly to coincide and agree. 

The next changes consist in the formation of two 
membranes, by the development of which the young 
animal, or embryo, is to be formed. A groove, 
called the “ primitive groove,” appeal’s in that [)art 
of the embryo which is to form the back region ; 
and as this groove becomes a tube, and is shut off 
from the other regions of the body, we see in its 



(1) EKg of Prog; ij) Egg fecundated, and aurrounded ?)y Ita Vealcle ; (*) First State of Tadpole ; ( 4 ) 
Aiii'canuu'c* of Breathing GIIIb; (5) wlage with Internal Oilla; (8) Pormntlon of Hind Feet ; ( 7) 
Korniatiou of ForoFcot.Mul Decay of UiUe; (6) Devclopuient of Lungn and reduction of Tall; 
(8; Perfect Frog. 


so far as research has proceeded, these changes 
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formation, the promise and outline of the nervous 
sjstem of the future frog. Meanwhile the lower 
parts of the body are also being formed. The walls 
of the body grow downwards, and the organs con- 
tained within their compass are develojied ; and m 
due course the young frog makes its appearance — 



Fig. 3. Segmentation of Frog*8 Egg; miooessive stages from 
the l>eginning of the procesH («) to tlie Mulberry stage (h). 

not in its adult form, as the foui'-legged, tailless 
animal we know it to be, but as the tailed, fishdike, 
gill-breathing form we name the “tadpole” (Fig. 2). 
Frog-development is not therefoi*e completed when 
the tadpole stage is assumed. The natural exjxjc- 
tation would be that when an animal is capable of 
moving about and feeding, and when, so to speak, 
it has finally left the egg and completed its preli- 


possesses homy jaws (Fig. 4 b,j), by which it 
crops the water-weeds — for although the adult frog 
is an insect eater, the youthful frog is a strict vege- 
tarian ; and coiled up witliin its body, we may per- 
ceive the spiral and lengthy intestine proper to the 
plant-eating form. But tadpole-life, as the youth 
of the animal, knows its own changes, as does the 
earlier infancy of the frog. Soon the outside gills 
(Fig. 4 A, B, ff) disappear, and are replaced by 
internal gills (Fig. 2, No. 5), developed on the gill- 
arches in the neck ; so that in such a stage of de- 
velopment the tadpole more than ever resembles the 
fish with its inside gills, placed, as everybody knows, 
beneath the gill -cover in the neck. Next appear the 
beginnings of adult charact(*rs in the sprouting of 
the limbs, which bud forth from the sides of the 
body ; thtJ hind limbs (Fig. 2, N o. 6) first apjiear- 
ing, and the fore limbs being visible later on (Fig. 
2, No. 7), because they are longer concealed by the 
gill-cover. When the legs are developed, the tail 
begins to “ grow small by degrees and beautifully 
less and, os the tail decreases, the gills (Fig. 2, 
No. 8), as organs of breathing, liktnvise begin to dis- 
ap])ear and to be replaced by the lungs — which 


minary stages of development, it should as- 
sume the form of the adult. And although 
this natural expectation is quite in consistence 
with what occurs in nature, as a rule, there 
ore various exceptions to the rule that an 
animal assumes the adult form wlien it leaves 
the egg as an embryo. Of these exceptions 
insects form a notable example. Every one 
knows that usually the egg of an insect gives 
origin to a free-moving larva, or caterpillar, 
instead of to a winged insect. And the 
frogs, and taods, and newts — which are all 
near relations — are likewise illustrations of 
exceptional developments, in that they ap- 
pear on the stage of time first as “ larvae,” 



or tad|x>les, and only assume tlieir adult form Fig. 4.— stmetare of the Tadpole. 

« U) 8!dR Vil'w, uliowlnjf Olllg. ; Mouth, TO j Sht, 11 ; EjT, j Kaf, «; (S’) from Iwlow, 
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. ; 1 , , ema; ip. upper Lip; oi‘ to c8,Vliwral delta. 

animals are usually passed within the egg. 

These changes, whether occurring in insect or have been meanwhile growing — as the breathing 
frog, constitute what is known as the “metamor- organs proper to the adult. When tail and gills have 


phosis ” (Fig. 2, No. 4) of these animals. 


become absorbed, the frog leaves the water, seeks the 


The anatomy and further history of the fish-like land, and becomes a true terrestrial breather and in- 


tadpole are decidedly instructive (Fig. 4), On habitant (Fig. 2, No. 9) ; the small adult body grow- 
eacb side of the tadpole’s neck appear two tufts, ing rapidly, and in its second summer or so, attaining 
which we can have no difficulty in recognising as to full growth, as represented in frog-existenoe. 

“ gills,” or breathing organs. Its tail is fringed by We are now prejiared to answer fuUy the 
a soft fin which, however, unlike the fins of fishes, question, “ What is a frog 1 ” Having discovered 
has no hard parts, or “ fin-rays,” to suppert it. It that the animal begins life as a fish-like creature, 



want, as a rule, all traces of hard external 
parts. Thus we find that in reality the frog 
is much more nearly related to the fishes than 
to reptiles j and when we discover that some fishes, 
such as the Lepidoairena of Africa And Ameiica, 
may actually breathe by lungs as well as by gills, 
the likeness between fh)gs and fishes is considerably 
heightened. Frogs, toads, newts, and all animals 
allied to them, are named Amphibia/na^ in allusion 
to their duplex breathing organs. In some of the 
amphibian race, such as the Proteua of under- 
ground caves in Central Europe, the Sirens 
(Fig. 5), we find that the gills, which in- 
variably appear in the early life of every am- 
phibian, remain throughout life, and aa tlie proteus 
or siren (like every other amphibian) develops 


sented by its members having gills in early life 
and lungs in adult existence) we shall find such 
characters to be presently illustrated in the person 
of our frog. Marks of difference from the reptile- 
race are to be seen in the three-chambered heart ; in 
the skull being joined to the spine by two processes, 
or “ condyles,” and not, as in reptiles, by one only ; 
and in the occurrence of a series of changes, called 
the “ metamorj^hoses,” wliich are exhibited in the 
development of amphibians, and which are not 
represented either in fishes on the one hand, or in 
reptiles on the other. 

We thus discover our frog to be an amphibian 
animal, and as such to be included in the Verte- 
brate ” group in which fishes, reptiles, birds, and 
quadrupeds (including man) are likewise contained. 
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One feature in the histoiy of the frog may be fii-st 
alluded to as that with which all vertebrates agree, 
namely, that the general plan of the body consists of 
two parallel tubes — one existing in the back region 
of the aninnU (Fig. 6) whei^e we saw the “ jirimitive 
groo\'e " to formed, and containing the nervous 
system {n^)^ brain, and spinal cord. This first tube 
(p^) is formed by the skull and spine. The second 
tube is formed by the walls of the body, and 

§ con tains the other organs of the 
frame. These are arnuiged as fol- 
lows The Jieart below (/*), the 
digestive system in the middle (a), 
and a second nervous system, called 
the syni}Hithetic (/d), in froiit of the 
spine and above the digestive tract. 
Fig 6 ~ Trtaa. ^hus, even in a cursory examination 
verse SecUon of the frog, we leam the essential 
of^tt Vertebrate plan Oil which every vei'tebrate 
body, from that of the fish to the 
human frame, is constructed. The double tube ar- 
rangement seen in our amphibian is chai*acteristic 
of every vertebrate form, but of no other type of 
animal structure. And every vertebrate animal (but 
no other) therefore carries its nervous axis along its 
back, its “sympathetic” nei-vous system beneath its 
spine, its digestive system in the middle of its l)ody, 
and its heart lowest of all, or on the floor of its l>ody. 

Commencing our brief history of the frog with 
its skin-layer, we find that membrane (Fig. 7), like 
our own skin, to consist of two layers — one an upper 
or outer, called the epidermis (h) the other a sensitive 
under layer, the dermis^ or true skin (c). In the frog 
the skin contains black pigment-cells (a) of a peculiar 
and irregular shape. Under stimulation, such as 
light, these cells undergo changes in shape and 
form, and the alterations in hue or colour to which 
the skin of the frog is subject are due to the move- 
ments of tliese cells. It is noteworthy that very 
large veins are distributed in the frog^s skin, and 
the skin-glands (f/), or those stnictunis analogous to 
our “ sweat-glands,” ai’e also highly developed. So 
that we can understand readily enough how the 
frog contrives to support life for a lengthened period 
when its lungs are excised, seeing that the skin in 
that case, as in the ordinary run of frog-existence, 
largely supplements or entirely performs the work 
of the lungs in getting rid of the waste matters 
brought to its glands by the blood-circulation. 
This work of getting rid of wa«te matters we name 
“ exci*6tion.” 

The frog’s skeleton (Fig. 8) is worth studying from 
its general type being admirably adapted to convey 


to us an idea of the bony fmmework of vetebrate 
animals at lai'ge. The mainstay and suppoi*t, or 
centre of the skeleton, is, of course, the apine^ back- 
bansy or vertebral cohimuy as it is named (Fig, 8, v). 
Tins spine is continued above into the skull ; and, 
as we have seen, the brain contained in the latter 
organ becomes continuous with the spinal marrow 
protected within the back-bone. So that when we 
declare that every vertebrate animal, like the frog, 
has its nervous system partitioned off from the rost 
of its body, we declai*o a real chai'acter, and one of 
extreme importance in the history of the highest 
tyj>e of animal structure. The frog’s spine is un- 
doubtedly shoii; ; it consists, like man’s spine, of 
separate bones or vertehrasy and these in the frog 
miml>er nine. The tail-extremity of the spine is 
formed by a single piece named the cocc^Xy or ur(h 
style {c)y which in itself probably represents several 
united vei^tebrce. Above, each vertebra gives off a 
projection named the spiiwus procesSy and at each 
side betirs two long pieces, called the transverse 
processes (w), which are apt to be mistaken for ribs. 
There are no ribs in the frog ; and unquestionably 
the absence of ribs is an advanbige to the animal in 
its leaping movements. But the want of these bones 
means also the absence of a chesty or thoraxy and, as we 
can readily conceive, 
by a reference to 
our own movements 
of breathing, the n 
frog must respire 
differontly from our- 
selves — ^as, indeed, 
we shall presently 
note. The frog's 
skull is a complex 
structure, which 
need not be des- 

Fig. 7.— Vertical Section of Skin of 
cribed in the pie- Frog (magniflod). 

sent • instance, fur- Skln-gUnd ; (/) Uerve-lllament 

ther than to remark that it consists of so much 
bons and so much cartiUigey or “gristle;” whilst, 
as already noted, it is joined to the skull by two 
jirocesses or “ condyles,” which fit into hollqws in 
the first vertebra or atlas. 

The frog has a well-developed breast-bone or 
sternumy and in its shoulder are several bony 
pieces not represented at all, or but feebly developed 
in ourselves ; although the ooUard>one or clavicle, and 
the scapula or aJu>ulder-blade {sc), constituting the 
two elemeilts in our own shoulders, are represented 
in the frog. The frog’s aim, or fore-leg, is strictly 
comparable with our own in its structure. There 
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is a humerus (A), or bone of tho upper arm, as in our- 
selyes ; two bones (radius and ulruiy r), in the appa- 
reiHSy single fore-arm of the frog, as in man ; six 
wrist or carpal (wr) bones, instead of eight as in man; 
and but four lingers (me), instead of five as in the 
human subject, the frog^s thumb being rudimentary. 
Similarly, the hind limb and the haunch in the frog 
are modelled on the type common to all vertebrates. 
The frog’s haunch-bone on each side consists of 
three pieces — ilium (it) y ischiumy and pvbi6(p) — as in 
man himself ; and these three bones unite to form the 
deep cup (acetabulum) or socket in which the head 

of tlie thigh-bone 
works to form the 
hip-joint. The 
thigh-bone or fe- 
mur (f); Wu^tibia 
or shin, and the 
fibula (forming 
the “ leg,” i) 
united together; 
the ankle or tar- 
sus formed in the 
frog of two chief 
bones only (a a), 
the metatarsus 
(mi) or instep,” 
formed , as iix man , 
of five bones, and 
the five toes, re- 
present segments 
of the lower limb 
corrosjKxnding in 
tyjKJ, although 
diflei'ing in num- 
Fig. 8.~Skeleton of Prog. her, tO the lower 

limb of man and 
to the hinder limbs of all other vertebrate animals. 

There is little need in the present case to say 
anything about the muscles of the frog. “ Muscle,” 
as every one must know, forms the flesh of the 
body. When we eat bet^f and mutton wo devour 
the muscle of the ox and sheep respectively ; and 
although the flesh of the frog is not a dainty in 
repute on this side of the Channel, yet the muscular 
tissue of the amphibian is not to be despised as an 
culinary dainty. As in ourselves, the muscles of 
the frog enable the animal to execute the various 
movements of the body, and act under the direction 
of the nervous system as the ruling centre of the 
organism. 

Digestion in the fiog is performed by a very 
perfect set of apparatus. The teeth are small and 


insignificant, and are borne on the upper jaw and 
palate only ; the lower jaw being unarmed. Gullet, 
stomach, intestine, liver, and sweetbread, or pancreas^ 
constitute the furnishings of tlie frog’s alimentary 
system ; and a spleen also exists — this latter organ 
dealing with the elaboration of the blood. The food 
being converted into blood tlirough the agency of the 
digestive organs, we find a Ji^irt and hlood-vesselsy 
provided for the circuktiion of that fluid. In the 
frog the heart (Fig. 9) is three-chambered, and circu- 
lates red blood, in which, when tlu? microscope is 
employed, we can discern large red blood-corpuscles, 
giving colour to the blood, as in ourselves. The 
frog’s heart is a j^eculiar piece of mechanism, and 
consists of two smaller chambers — right (ka) and 
left (i^a) aiiricles — and a large chamber, the 
(v). The right auricle receives imi>ure blood, which, 
having gone the round of the body, requires purifica- 
tion in the lungs. The left auricle, on the other hand, 
receives the puiified blood from the lungs. Each 
auricle ojxens into the ventricle. From the ventricle 
a passage, called the aortic bidhy leads outwaixis 
to the body, and this })assage is divided length- 
wise in two by a swing-door or movaV)le partition, 
called the septum («). Last of all, we may note that 
from this passage two chief sets of blood-vessels, 
like two roads or lobbies, lead outwards (Isy rs). 
To pass into the one of these roads we should re- 
quire to go on the right side of the swing-door, 
whilst the other and left side allows exit by the 
second of the two channels. 

This mechanism is beautifully adjusted to the 
wants of frog-circulation ; for wc find that the 
left auricle throws its pure blood into tbe ven- 
tricle, whilst the right auricle also empties the 
impui’e blood into this cavity. When this common 
receptacle or ventricle contracts in its turn, 
whither does the blood pass'! The answer is 
clear if we remember the disposition of the 
swing-door and the passages in the lobby of the 
ventricle. The first result of the ventricle’s con- 
traction is to send the venous or impure blood out 
of its cavity by the left passage (Is) of the lobby, 
the swing-door falling over towards and closing 
the right jmssage (rs ) ; and thus the impure blood 
passes by the only channels (3, 3) open to it to 
the lungs for purification. A mixture of pure 
and impure blood has meanwhile been taking 
place in the ventricle, and as the swing-door 
now closes the left passage, this mixed blood is 
allowed to pass out though blood-vessels (2, 2), 
which convey it to the body — tlie frog’s body thus 
receiving and being nourished by a mixed blood, 
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and not by an absohitoly pure blood, as in birds and 
quadrupeds. Finally, as the last result of the 
ventricle’s contraction, the j>erfectly pure blood 
which has just come fixjm the left auricle is, by an 
ingenious adjustment of the blood-vessels, sent to 
the head and brain of the frog, as the most im- 
])ortant parts of the body. 

Thus the circulation of the blood in the frog, 
performed continually during its lifetime, is found 



Fig. 9. —Diagrammatic (vertical) Section of Fr(^‘ii Heart. 

to involve a delicacy and exactness of mechanism 
which excites our wonder even when studied in the 
most superficial fashion. Space will not ijermit 
us to do more than notice in passing, that the 
work of excretion,’^ or that devoted to the getting 
rid of waste matters, is pei’formed in the frog by 
means of two kidneys, by the skin-glands, and lastly, 
by the lungs — all of which organs, as in man, 
separate from the blood the waste products which, 
as the i-esult of bodily work, are insejmrable from 
life and living. The lungs are elastic sacs, into 
which air is “ swallowed ” by the frog rather than 
“ bi'eathed.” As we have seen, no ribs exist in 
these animals ; hence, when the inhalation of air 
occui-s, the frog first fills its mouth through the 
nostrils. Next in order, the hinder nostrils are 
closed by the tongue being applied tliereto, and the 
gullet is also closed by the same action. The only 
ai>ei*ture remaining open being that of the wmd- 
pipe, the air is forced into the lungs by the 
muscular action of the muscles of the sides of the 
mouth; whilst “expiration” is a work probably 
effected wholly, or in greater part, by the elasticity 
of the lungs. 

That the frog possesses means for maintaining 
relations with its surroundings is perfectly evident. 
It captures prey, it sees, it hears, it emits voice, 
and it regulates its actions, muscular and ot^herwise, 


in conformity with the exigencies of its life. The 
acts of fix>g-6xi8tenoe, like those of all other animals, 
are regulated by the chief nervous system, consist- 
ing of tlie brain, spinal cord, and nerves proceeding 
therefrom. The sympathetic system of nerves 
ready mentioned, possesses the function of regulat- 
ing the movements of the heart and other actions 
of involuntary nature. The brain (Fig. 10) of the 
frog exhibits the chief divisions common to all 
brains. Looking down on the brain from above, 
we see in front (1) the olfactory region (ol), or 
that connected with the sense of smell ; (2) the 
cerebrum (c), or chief part of the brain; (3) the 
optic tlMlamua {t) ; (4) the optic lobes {op), con- 
nected with the nerves of sight; (5) the cerebellum 
(cb), or lesser brain ; and (6) the medulla oblongata 
{m), or upper part of the spinal ^ccfrd {sp). 
If we suppose parts 2 (the cerebrum) and 6 (the 
cerebellum) to become immensely enlarged, and 
developed over the other parts of the brain, we 
should represent the chief difference between man’s 
brain and that of the frog. From tlie frog’s brain 
ten pail's of {cranial) nerves, chiefly connected with 
the organs of sense, are given ofi', and a like number 
of nerves originate from the 
spinal cord and are distributed 
throughout the body. 

The general deductions which 
may be drawn from this brief 
study of the frog have been 
indicated as oui* history has 
proceeded. We thus learn from 
the frog’s anatomy not merely 
the general plan of all vertebi’ate 
animals, but a general review of 
such a liistory presents us with 
the salient points of man’s own 
structure and physiology ; for (&> owoctory Nervei; («) 
man s body undoubtedly exhibits 
a type of structure modelled 
on the broad lines on which 
tliat of the frog has been shown to be built 
up. And it may be added that if we could cor- 
rectly appreciate and fully understand true 
meaning and bearings of even the changes through 
which a frog passes in the course of its progress 
to maturity, we should find oui*selves thereby 
enabled to add very largely to our knowledge of 
animal history at large; and even many obscure 
points in human development could be shown to 
be bound up in the answer to the common -place 
question — “ What is a frog 1 ” 
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WHY A TOP SPINS. 

By William Alfobd Lloyd. 

B OY-LIKE, I follow on foot a street conjurer, in is about a top that I have to write. Now, the 

London, hoping that he will soon stop and etymology of the word “top*’ points to its deri- 

perform. At length he slackens his pace, looks ration as being that wliioh means that its upper 
about him, pauses, and divesting himself of his part or top is heavier than its lower part, or, 

walking boots, coat, and hat, spreads on the where the upper or top end is the principal one, 

ground the square yard of carpet, which is his stage, and this, undoubtedly, is the strict etymological 
and near it temptingly aiTanges his oi^ened box meaning of the word 

of paraphernalia, comprising brass balls, cups, or term. But, for 

knives, and so fortli. His orchestra, consisting of my purpose, which is 

pan-pipes and drum, played by his “mate,” soon that of elucidating, 

gathers a small crowd, the inner limits of which on philosophical prin- 

are, however, speedily determined by the conjurer, ciples, the reason 

now radiant in a spangled suit of light-coloured why it turns round 

“ tights,” for he takes out of his overcoat pocket and maintains its 

a long cord, and, holding it by the middle, rotation, I will ex- 
causes two gi-eat soft balls, one at each end, tend the term into 

to whirl mpidly over his head, skiiiiing and all meaning any such 

but touching the edge of the quick-gathering arrangement, as that 

mob of people, who, not caring to be struck by which so revolves, no (a) Horinontai section m Top; (hoc.,. 

these fast-swinging balls, keep just out of their matter whether its L*"^*!)^”**^***^*^ inmi^ made 
reach, and thus a clear area is secured for the per- centre of gravity, or 

formanco. And the movement of these balls balancing point, be above or below the point of 
furnishes me with a good beginning for my paper, support on which rotation 00001*8, or whether these 
Why do these balls thus remain in the air, pulling two points occur in the same plane, 
as they do at their string, keeping it straight and The top which the acrobat is about to perform 
a little tight, and themselves turning i*ound the with, is made large for effect, and is a pear-shaped 
conjurer in the centre 1 The answer is that the mass of solid wood, conical, with a rounded upper 

jK)wer that compels them thus to traverse a deh- end, and in the small or lower end is inserted a 

nitely bounded circle is due to what is called the stem or peg of iron. The lower part of the 

centrifugal force^ the word “ centrifugal ” being wood is closely grooved or corrugated, trans- 

composed of two Latin words signifying the flying versely, to receive the string or cord, which 

from a centre. And the other force, indicated is wrapjied round it so that it may not slip. I 

by the cord or string which hinders the balls from watch the man coil it. First, he takes the end of 
flying from the centre, is termed centripetal force, his string, and wetting it in his mouth that it may 
a term that means seeking a centre. be a little adhesive to the wood, he applies this 

Thus, these two forces, combined with a third cord’s end flatly to the top furrows, across them, 
force (Fig. 1 ), which arises from their union, and Tlien, with some care and considerable firmness, 
which vainly tends to cause the balls to traverse a he commences to coil the string ai*ound the top, in 
horizontal line, conjoined with a fourth and lost the grooves, beginning at the smaller or lower 
force, or gravitation of the earth, which tends to end, and going gradually upwards, terminating at 
pull down the balls vertically, all unite to main- the top groove, and taking care that the spirally 
tain the balls in their revolving path, and in such coiled-on string shall form a closely-touching and 
a manner that this cii*cuitous motion would be at completely-coveiing mass. Then, bolding with his 

once destroyed if any one of the four forces right-hand third finger the free end of the string 

ceased to exist, or existed inadequately. And, against the palm of that hand, he gmsps the widest 
in fact, cessation of the motion is ultimately brought part of the top l)etween his thumb and third (or 
about by the arrest of one or more of these forces, longest) finger, thus at the same time holding the 
Presently, however, the street conjurer or acrobat string secui*e, and then he further increases the 
takes out of his box a great spinning-top, and it firmness of the top in his hold by pressing down 
116 
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upon it his index finger, the peg being all the time 
downwards-pointing. Then, first drawing up his 
hand somewhat towards his ear, so as to accumulate 
power, as it were, he gives his hand, and the top in 
it, a sudden jerk forwards, at tlie same time releas- 
ing the hold which his fingers had upon it, while, 
with a simultaneous motion, he, with a powerful 
back stroke of his hand and arm, pulls away or 
uncoils the strii^ from off the top, which is caught 
on his })alm, or otherwise disposed of. If the string 
were fastened to the top firmly, as by glue, for 
instance, and was thus in a state of dry adhesion, 
this jerk of the man's hand would merely pull the top 
forward. Instead of which, however, the pull is at 
the periphery or edge of the top's circumference, and 
acts as a lever, of which one point is the centre 
of the top, inside it, and the other point is at its 
outer surface. This sudden pull or jerk, therefore, 
instead of dmgging the top bodily towards the 
puller, merely acts on the leverage j)rovided as 
descrilad, so a.s to turn the top round. And, as 
the pull is given with considerable force, and as, 
moreover, the length of the string causes the pull 
to be a tolerably continuous one — which, indeed, 
increases in speed and power as the inertia of the 
puller's arm gains force thereby — the rotation which 
the top thus gains is one of considerable force and 
Bjieed. And then commences the exercise of tlie 
same kind of centrifugal force in the top as that 
which we saw being exercised when the two balls 
were whirled round at the two ends of the cord. 

Only in the top, the wood or other material of 
which it is made has to sustain this outward pull 
or strain, or flying from a centre, or tendency to do 
so. While it is thus 8])inning or whirling round, 
the top stands upright on its polished blunt point, 
and the faster it turns, on a smooth and hard 
surfiice (the smoother the surface the less is the 
top's motion), impeded by friction or nibbing, the 
more upright does it stand, and the less tendency 
does it have to fall or to lose any portion of its 
]>erpendicularity. Or, if anything, as a jerk caused 
by roughness, or a sudden inclination from hori- 
zontality, occasioned by a sudden change of position 
of whatever it whirls upon, temporarily affects the 
top, it survives this momentary interruption, and 
s}iins as steadily and as uprightly as before, if its 
s}>eed be high. But the reason why it thus pulls 
itself up straight, so to speak, is because the cen- 
trifugal force, or flying outwards, has a strength 
of horizontal pull, as it were, commensurate with 
its speed, the pull being greatest when the speed 
is highest Yet centrifugal force alone would not 


cause a recovery of the perpendicularity, which is 
finally attained because the top's peg is not abso- 
lutely pointed. It is a blunt point, and when the 
top whirls sideways it rolls on the edge of this point, 
till the axis of it is at right angles with the plane 
on which it spins. Hence, such a top can be made 
to spin balanced on the edge of a sword, or on a 
wire held horizontally, or nearly so. And, when — by 
gradual expenditure of the stored-up force — the speed 
is lessened, the top tends to lean sideways, or to deviate 
from the perpendicular, such deviation or leaning 
l)eing caused by the superincumbent weight of the top 
obeying tlie earth’s gravitation, or the power which 
our globe has of drawing all things smaller than 
itself towards itself ; the term “ weight'' being thus 
an expression of the measure of tlie resistance made 
to this attractive force of the earth. ^Therefore, the 
top is maintained spinning in an upright position 
by a combination of two forces — (1) the force of 
the earth's gravitation, or pull (hw^tivxtrda ; (2) the 
force of centrifugality, which pulls horizontally the 
top in all directions at once. And the combination 
of these two forces maintains the top in a vertical 
position, which thus becomes a kind of compromise 
between the two jwwers. Thus the top, when it spins 
on a smooth surface, whirls immovably as regards 
deviation from verficality, and is so silent and 
motionless, horizontally, in its rapid whirlings, that 
it is, to use a schoollioy term, “ asleep." We may 
get a very plain illustration of this fact — plainer 
because the motion is slower — by seeing a boy 
trundle a hoop. When the motion of the hoop 
relaxes in speed it begins to ‘‘wobble," or to have 
a tendency to fall alternately sideways, because 
the slowness with which it turns no longer com- 
pletely resists the gravity, or downward pull of 
the earth. But, when the boy gives it a forward 
blow with his stick, the force of the blow corre- 
sponding with the speed with which he desires it to 
go, and with the nature (rough or smooth) of the 
ground over which it has to travel, he restores it, by 
the increased speed thus given it, to its normal 
uprightness. That is to say, the additional centri- 
fugal force thus acquired, or the added power of 
pulling or flying from the absent or ideally present 
centre of the hoop, pulls up the hoop against the 
power of gravity, which sought to pull it down, and 
so renews its verticality. It is exactly the same 
with a whipping-top. When it begins to lose 
steadiness by reason of loss of speed, just as in 
the case of the hoop, it regains vertical quiescence 
by an increase of velocity given it by a stroke 
of tlio lash of the whip. Only, in tiie assumed 
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infttanoe of the hoop, the fact was rather more 
obvious, because its motion was slower than 
that of a top. The form of carriage called a 
** bicycle ” is another form in which the same law 
can be exemplified in a similarly plain manner. 
As we all know, a bicycle consists of two wheels, 
a large one and a small one, placed in one 
longitudinal line, and a man, seated on a saddle 
attached to the former, drives on the machine by 
converting the vertical up and down action of his 
feet into a curvilinear motion, which is transmitted 
by treadles (on which his feet are placed) affixed to 
the axis of the larger wheel, one on each side, and 
80 arranged as to have no ^^dead points,’’ or no 
position where a pressure on the treadles — one or 
both— cannot urge on the machine along the ground. 
The bicycle is thus balanced on a very small relative 
]X>int, or, rather, two small points (though I have 
seen even a unicycle ridden upon, having but one 
wheel, as its name implies), and these two points 
are insufficient in area for the apparatus to stand 
upright upon alone, still more so when a man is 
riding on it, and to be absolutely motionless, because, 
practically, his tendency is to be drawn over by the 
force of gravity of the earth to one side or other, 
and to fall down laterally in the direction of the 
earth’s centi*e, in consequence of this power, and 
with a constantly increased velocity. Consequently 
the man on the bicycle never keeps motionless, 
but rides forward constantly, because at every 
portion of the rotation of the wheels he is exercis- 
ing a slowly-acting centrifiigal power which every 
moment puUs u^y as it were, the machine, and so 
creates a force greater, for the time, than the force 
of the earth wliich has a disiK>Bition to doum 
the man and his bicycle. If the rider goes fast, 
then the centrifugal force which he exercises is, as 
in the case of the slowly-spinning top, a feeble 
force; but if he progresses quickly, the force 
exerted against the gravity of the eai’th is cori'e- 
spondingly great, and his chances of falling down 
are commensurately decreased. 

These illustrations, where the speed of motion is 
80 much diminished that the eye can easily follow 
every part of a gyration, are of considerable value 
to elucidate the motion of other objects, as a top, 
where such continuous vision is not possible, and 
when one cannot so easily watch the conversion of 
the etraight limy which the pull of the earth causes, 
into the mrved line which the centrifugal force 
compels the object to take (Fig. 2). But, indeed, if 
we pursue the idea as far as possible, a cuiwed line 
may be considered to be, and in fact is, nothing 


more than u vast series of most infinitely small 
straight lines. Therefore, all movements whatever, 
conceivable or possible, in everything or every- 
where, cannot be any other than a very rapidly 
lepeated and very minute succession of straight 
lines. The inertia, or tendency to move onwards 
in a straight line (the word “inertia” being the 
contrary of the word “ motionless ” in its meaning), 
of a moving body always strives to follow such 
constrained curved prolongations of a small straight 
line traversed at any given moment. But when- 
ever a body is thus compelled to move in such a 



circle, composed as it is of on infinitely multiplied 
series of small straight lines, such compulsion must 
be, and can only be, due to some obstacle or some 
force, which thus compels it to traverse a i>ath 
which we, from its final shape, term curvilinear, 
or some combination of a curve. Now, the force 
or obstacle which thus, in a top, continually inter, 
rupts the tendency of every particle of it to fly 
from the centre of it, is termed the centripetad force, 
and it is exactly op^KHsite to the other or cerUrifugal 
force, which causes a tendency in exactly the opposite 
direction. And so, finally, the top is maintained 
erect and spinning, without time or opportunity for 
falling, just the same as when two boys pull with 
equal force at either end of a rope, which does not 
bimk, and which ends with the no-progress of either. 
Thus the circular movement of the top, or a movement 
which we find convenient to term circular, arises 
really from its tendency to continue a tangenUiai 
movement, or a straight motion in a direction 
which is at a right angle to its circumference, and 
from this inclination being influenced by a con- 
strained approach, or a forcible continuance of one 
uniform distance from a central point. Thus, too^ 
cerUrifugal force is the force which tends to cause 
all parts of the outer edge of a t(^ to fly out into 
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straight lines, and centripeUxl toroe is the other 
force which is the obstacle to this. And a union 
of these two forces thus breaks up the one straight 
line, which there is a tendency to traverse, into an 
enormously vast number of very small straight lines, 
which traverse a circle. This explanation, coupled 
with the other one resj^ecting the gravitating power 
of the earth, explains not only the spinning motion 
of a top, but the motion in every and all directions 
of all bodies whatever, including not only those upon 
the earth and beneath its sui-face, but also all the 
celestial bodies above and surrounding the earth. 
If one fasten a stone to a string, and whirl it 
round, the pull of the centrifugal force can be felt 
in the hand which holds it, and which, in effect, 
constitutes the centripetal force. And if the string 
breaks, we see an instance of the curvilinear motion 
regaining its straight course, from which, indeed, it 
originated. And when such a string is intentionally 
intwrupted in continuity by other means than 
breakage or severance, as in the ancient military 
weapon of offence called the ‘‘ sling and stone,” such 
an appliance is merely a means of accumulating in 
the stone a greater force, or dynamical power,” 
in a circular direction, by means of the acceleration 
permitted in a small space which such rotation 
gives ; and then, when the sjieed and accompanying 
force are both, as they should be, at their maximum, 
one-half of the sling is disengaged, and the stone 
assumes, or rather, resumes, its onward stmight 
flight, or, more correctly stated, its flight in a 
circuit of a much less radius than before ; because, 
in the one case, that radius was defined by the 
length of the sling, and in the other case, it was 
marked out by the attractive power of the eai*th. 
The difficulty in using this weapon must have 
consisted in not knowing exactly at what point 
to disengage the restraint of the sling, so as to 
permit of the stone taking an accurately determi- 
nate new direction. A horse-rider in a circus, and 
the steed he stands on, have to lean much inwards 
when going fast, such leaning being to counteract 
the tendency of the centrifugal foixse to cause an 
upset by flying out; But, a still more homely illus- 
tration of the tendency of bodies moving rapidly in 
a curved line, to assume the direction of straight 
lines, can be witnessed by watching the particles 
of mud fly off at a tangent from the rapidly- 
revolving wheels of carriages in a muddy road. If 
a carriage goes slowly, no mud will be thus thrown 
off; but, when the edges of the wheels rotate 
swiftly, the particles can be seen flying away in 
straight lines, commendng at the part of the wheel 


which last came into contact with the mud, and 
thus flying upwaixls in peifectly straight lines, as 
if anxious to resume their primary foim of flighti 
and desirous not again to resume a circular motion. 
Hence, splash-boards,” as they are called, they being 
guards attached a few inches from the periphery 
of the wheels, are used in carriages, to protect 
their occupants from such mud. Another familiar 
instance of matter being desirous to regain straight 
lines of flight, after having been compelled to take 
curvilinear ones, is afforded by the trundling of a 
mop. If we wish to get rid of the superfluous 
water which the mop-head has taken up in being 
used, we hold the long handle of it horizontally, 
and give it a rapidly-revolving motion around its 
own axis. Each fibre or string of which the 
mo{)-head is collectively composed, Hhen becomes 
stiaight, because pulled at by the force termed 
cerUrifugtd. But they camiot get away, because 
they ai*e retained to the mop, or are pulled at 
by the force termed cmtripetaL The water, how- 
ever, is held in its place in turn by a very 
far smaller amount of centrifugal force, and the 
centrifugal power, therefore, instantly severs its 
connection from the mop, and the fluid flies out in 
all directions in the familiar straight lines which 
we all have seen. And they are straight, and 
they do not follow the curves which the mop takes, 
simply because the order of nature is that they 
shall, as quickly as possible, regain as much 
straightness as tlie wonderful law of gravity penuits. 
In an almost exactly similar mamier are mado 
clothes^ driera, where freshly-washed linen is placed 
in a kind of rapidly and horizontally-revolving 
cage, through the interstices of which, as much wet 
is extracted as can be got rid of by such means, and 
which does not injure the fabrics so much as the 
more common practice of wringing does. So, too, 
sugar is extracted from the sugar-cane by a 
similar process, depending on this universal law. 
The si)eed of a top which went for 40 minutes has 
been found to be 4,500 revolutions a minute, or 
in all 180,000. Each point of the top’s greatest 
diameter, therefore, of 4 to 5 inches, travelled 40 
miles in that period, or a mile a minute. The 
friction of air much diminishes the speed. Thus, a 
top which in air spun for 35 minutes went for 136 
minutes in a vacuum, and when in air it again 
went for 42 minutes ; this speed was reduced to 17 
minutes on the top being made rough by varnishing. 

It is scarcely necessary to enter minutely into the 
specific construction of each kind of top which toys 
use. I have named the most common, which is tiie 
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pog-top/' and also the whipping-top/’ which is 
the only one I know of which permits its motion 
to be accelerated alter it has once begun to spin. 
There is the ** humming-top,” which is hollow, and 
which makes a sound, partly by the centrifugal 
force with which the air is ejected from it, and 
partly by the motion of the edge of the hole giving 
access to its interior, against the surrounding air. 
In this top the cord which convei*ts the straight 
into a curved motion is coiled up within the 
portion of the handle which preserves the vertical 
position of the top until the commencement of 
spinning. The ** gambling ” top has no string, and 
is set in motion by the twist of the fingers 
merely. Then there is the “ aerial ” top, consist- 
ing of feathers fixed in such a manner, obliquely 
and horizontally, into a small block of wood or 
cork, that when spun, these feathers act like vanes, 
and so strike against the surrounding air that they 
overcome the force of gravity, and rise up to a con- 
siderable distance, only commencing to fall at the 
moment when the attraction of the earth on the one 
hand, and the cessation of the impact of the feathei's 
against the atmosphere, on the other hand, balance 
each other. Nearly similar to this is a round, solid, 
and heavy wooden ball, of about thrcie inches in 
diameter, which my street conjurer threw up to 
an immense height, and then caught in its descent 
in a sort of strong leathern egg-cup strapped across 
his forehead, the ball entering the cup with a mighty 
whack. But, as he explained to me, he gave the 
ball a strong twist as he threw it up. This gyra- 
tion it maintained both in its ascending and de- 
scending, and, reverting to the old primary cause, 
the centrifugal or spinning force it thus acquired 
and retained, caused it to maintain a much 
straighter line of flight, and enabled it to be caught 
in the cup much more certainly than if it made no 
such revolutions. Indeed, all the things which this 
conjurer threw up, as knives, plates, balls, whirled 
round at every inch of their progress for the same 
reason; that is to say, they apim because the 
spinning set up a double force which tended to pre- 
serve their equilibrium by pulling them ever in two 
ways at once, and left the street conjurer not much 
more than the gravity of the earth to contend with, 
and, as the articles were but light in weight, this 
contention was not a great one. It was only when 
a spinning plate (on Ike top of a stick on his chin) 
began, in his own words, “ to wobble,” because of 
the gradually diminished rotation, that he gracefully 
declined the unequal contest with nature, and caught 
in his hand the fcdling plate, with a bow to the 


spectators. The ** Badiometer ” ♦ — which turns in a 
vacuum in a wondrous manner by the mechanical 
force or impact of heat and light, which are 
inseparable — is not strictly and etymologically a 
top, because its centre of gravity is not over or on 
‘‘top” of the point on which it spins. One re- 
markable top, of a complicated form, is termed the 
“gyroscope,” and it has a demonstrating value 
because it can be handled as it spins with no 
retardation of speed. It consists of a wheel rotat< 
ing within a ring placed on a stand, and if, 
during rapid motion, this ring and wheel be held 
in one’s hand, there can be felt a curious innate 
feeling of striving to escajKs, as it were, reminding 
one of the consciousness of an imprisoned animal 
trying to be free. This is owing to the resistance 
of the moving mass to any attempt to change its 
axis of rotation. A weight can be himg on the 
edge of the ring, and the spinning will resist the 
force of the weight. Even the ring can be sus- 
pended in the air by a string, and the revolving 
wheel will retain its horizontal plane though 
wholly hung up by one side. Here, again, the 
law of the composition of forces is at work in 
the shape of the admixture of centrifugality and 
centri];)etality, and the property of inertia is 
shown in such a way as to demonstrate that 
matter at rest cannot move of itself, and matter 
in motion cannot stop of its own accord. And 
hence the gyroscoi)e apparently I'esists the earth’s 
gravity, while also it, in a very faithful way, ex- 
hibits that curious phenomenon of our globe known 
as the “ precession of the equinoxes,” both existing 
from the same cause. In 1851 Dr. Bateman 
showed such a centrifugal machine to illustrate 
planetary motion. Then come other aiTange- 
ments, all on the top principle as far as the 
gyrating result is concerned, though not neces- 
sarily so in respect of the situation of the centre 
of gravity, as, for example, the fly-wheel of many 
forms of machinery, whether they be prime 
motors or not. Others are those which, unlike 
regular fly-wheels, make a not quite complete 
revolution of a circle, such as the balance-wheels 
of watches and the pendulums of clocks, and 
the ball -levers of coining and other presses of 
sudden but forcible impact. Watt’s ingenious ball 
steam-engine governor is also an instance of an 
application of a top to a useful purpose, in which 
the centrifugal and centripetal force in it (and in 
all these coses) is employed for definite ends, calcu- 
lated beforehand. What is termed the “ rifling” of 
* “ Science for All,*’ Vol. 1., p. 111. 
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projectiles is likewise a direct application of the same 
law exactly. The earliest arrows ever made, dis- 
charged by an archer from a bow (ijerhaps preceded 
however by the thrower of javelins), were “ barbed ** 
at the opposite end to that of the |X)inted one, with 
feathers or some such light material, to cause the 
weapon to “catch the air,” or i*etavd the hinder 
end by friction in flying, so as to make the sharp 
end to always keep in front. After a while, how- 
ever, someone thought of giving the feathers a 
measure of obliquity, so that during its jirogress tlie 
weapon should revolve. The use of such revolu- 
tion is of course to give more accuracy of flight 
and aim by causing the centrifugal and centripetal 
principles to be brought to bear on the arrow. 
Thus, if any impulse wei^ given to it which would 
tend to cause it to deviate fi-om a certain course, 
its revolution instantly assists to pull it straight, 
and hinders an otherwise erratic jiath, while the 
opiK)8ite pull (centripetality) prevents its seiMiration 
into several pieces. Rifled guns, pistols, and can- 
non, of all kinds, owe their superior accuracy to 
the same groat law, the recent ajiplication of which 
to firearms seems quite wonderful, as no weapons 
at Waterloo were rifled : all shots of all sizes on 
that memorable day flew sti-aight, untwistiiigly, 
and with but feeble accuracy of aim, which indi- 
cates the grt^at waste of material which modern 
science tends to prevent in every way. A shot 
from a rifled weapon has, so to sjjeak, no time to 
fall from its jiath or deviate from its course, for 
as soon as its inclination to turn in a wrong direc- 
tion is indicatetl, the action of another inclination 
instantly neutialises the first one, and a nearly 
straight line is the sum of both. 

Another group of toi>-like machines is that to 
which turbines belong. These, and “ Barkei‘*s 
Mill,” or the re-action mill, are prime motors, 
in which a forcible current of a fluid, hot or 
cold, or a gas of any kind, passes into a usually 
vertical axis, at one end of which are, at right 
angles to it, several arms having orifices again 
at right angles to those arms, through which 
the fluid in forcible motion escapes, and the arms 
and the hollow spindle or axis supporting them are 
driven in the opjxwite direction to that in which the 
water, gas, or air flows, and with a force and speed 
corresponding to the pressure of the flowing agent 
(Fig. 3). Here, too, the same old centrifugal and 
centripetal forces are employed, but it is remarkable 
that many i>eiwn8 wrongly explain this motion thus 
obtained by referring it to the issuing current, fluid 
or aerial, or hot or cold, striking against the sur- 


rounding air, or other medium, and so pushing the 
arms backwards ; just the same, for example, as a 
man accidentally running against a wall would be 
pushed backward by the shock. The real cause, 
however, is tlie force of the vnterml uinbaUinced 
prestnire acting inside the object moved in the 
direction of its path, exactly the same as the recoil 
of a cannon, or the “ kick” backwaids of a gun, is 
caused not by the explosion at the cannon^s mouth, 
but by the irUernal explosion, which sends the 
light object (the shot) a long way onwards, and 





Fig. 3.— lUostrating Turbine Motion or Recoil of any kind, as in 
the Tops spinning by Oas, Air, or Water^ 

u) Vertical 8<*c.tli>n of the thing to he projected or •* turned** hyretropul- 
slon ; (») Projectlk* ; or Water, (4iui, or Air ; (c) chamber ountalniiig force. 
On fietting fn*e this forw in 0, tbo charge n Is sent out a long way, and the 
vessel A a short wa**. Or, this can Ik> reversed. Tho Arrows Indicate 
diriTtion of motion. Xu motion takes i>lac.c from 3 and 4 as the force is 
balanced equally. 

the heavy object (the gun or cannon) a short way 
backwards. A “ Catherine wheel,” and a rocket in 
fireworks, arc examples of this backward* motion, 
curvilinearly, and the wheel too, illustrates the top 
principle. There is a group of aquatic animals, 
consisting of the higher marine mollusca, to which 
Octopus, tSepia, Eledone, Nautilus, and others, be- 
long, and also the water-breathing larva of one 
insect — the dragon-fly, Libellula — all of which 
swim by means of this internal unbalanced pres- 
sure, or recoil. Steam vessels have been driven on 
this plan. 

Of course, the biggest top of all with which we 
have any personal experience, or, at least, the 
laigest we are permitted to touch, is the great 
globe iqwn which we live, the centrifugal force of 
the motion of which has inci^eased giudually its 
equatorial diameter. And if it did not whirl 
rapidly, both on its own axis and round the 
sun, and if the sun, moon, and earth were not 
restrained and kept in order by the same great and 
wonderful law as that which governs the spinning 
of a boy’s top, annihilation of aU things would 
instantly follow. Thus, the immense size of the 
earth causes its gravity or power to di*aw all things 
smaller than itself, to itself, and this power is so 
enormous, that if it were not for the opposite 
force given by its motion round ite axis, nothing 
could move from its surface. And this is a friction- 
less motion, because there is no spindle, and 
nothing to rub against, outside the limit of our 
atmosphere. So it cannot stop. Or, in other 
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words, the centripetal force is balanced by the 
centrifligal force, and thus we can move about 
as we know we can do. Then, again, the still 
more enormous size of the sun would draw the 
earth to it with a great crash, if the centrifugal 
force of the earth, by its whirling round the 


sun, did not, in accordance with the same law, 
enable it to keep at a safe distance. And the 
moon is governed in her coui’se, in turn, by the same 
law — and so, indeed, are all the heavenly bodies — 
the whole are controlled by precisely the same 
guidance as that which rules a spinning-top. 
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T he earliest known instance of living animals 
being brought up from great depths in the 
ocean occurred in the Aictic expedition of Captain 
(afterwards Sir John) Ross in 1818. Some tube- 
forming worms, imbedded in a soft greenish mud, 
were obtained by the sounding line from a depth of 
nearly 1 ,000 fathoms ; and a large Medusa-head 
starhsh {A8terophyt(yfi) was entangled on the line 
at the 800 fathoms mark. On another occasion 
also, when a sounding was being taken in 1,050 
fatlioms, a small starfish was found attached to the 
lino, below the i^oint marking 800 fathoms. 
Several years later, systematic dredging was carried 
on in the -^Egean Sea by the late Professor Edward 
Forbes, with the following results. He found an 
abundant fauna in the littoral zone, t.e., at depths 
less than 50 fathoms ; ^ diminishing fauna down 
to 100 fathoms ; and below this a rapidly diminishing 
fauna down to 250 or 300 fathoms, and then a zero, 
no life at all. This depth limit, 300 fathoms, was 
supposed by Forbes to be the greatest depth at which 
animal life could exist in other seas besides the 
Mediterranean. He thought that life beneath the 
waves was always confined to a narrow border 
round the land ; that plants were almost entirely 
absent below 100 fathoms, and animals scarce; while 
those tliat did exist were believed by him to repre- 
sent those groups only which are the most simple 
in their plan of construction. The se«. bottom at 
300 fathoms was regarded by him as a desolate 
waste, its physical conditions being such as to pre- 
clude the possibility of the existence of living beings. 
Forbes’s generalisation has since been shown to 
be perfectly true with respect to the uEgean, and 
nearly so for the Mediterranean as a whole, parts 
of which are over 2,000 fathoms deep; but the 
Mediterranean is an inland sea, and presents some 
very exceptional characters, which cause it to be 
comparatively untenanted by animal life. In the 
open ocean the case is very different, as we shall sec 


presently. Owing to his high authority on ques* 
tions of this nature, Forbes’s opinion was very 
generally adopted, alike by zoologists, physical 
geographei*s, and geologists ; but it was soon 
shown that his views were not altogether sound, 
for the dredgings carried on in Sir James Ross’s 
Antarctic Expedition, at depths of from 270 to 
400 fathoms, yielded evidence of a great abundance 
and variety of animjil life between these limits ; 
and despite Forbes’s dictum, Sir James main- 
tained — and ho was not alone in his belief — that 
“ from however great a depth we may be able to 
bring uj) the mud and stones of the bed of the 
ocean, we shall find them teeming with animal 
life.” How far this opinion has been borne out by 
facts will appear as wo proceed. In Juno, 1845, 
Mr. Henry Goodsir, one of the Assistant Surgeons 
of Sir John Franklin s ill-fated expedition, dredged 
several diflbrent types of animal life at a depth of 300 
fathoms in Davis Strait ; and in the following year 
Captain Spratt, R.N., obtained living shell-fish 
from a depth of 310 fathoms in the Mediterranean 
itself, at a spot 40 miles east of Malta. Like Sir 
James Ross ho ^‘believed animal life to exist much 
lower, although the general character of the ./Egoan 
is to limit it to 300 fathoms.” 

About this time also the Swedish expedition to 
Spitzbergen, under Dr. Otto Torell, obtained a large 
and varied collection of invertebrate animals from 
a depth of 1,400 fathoms ; but although these and 
otlier facts led a few isolated naturalists to believe 
in a full development of animal life at considerable 
depths ill the ocean, it was very long before 
this doctrine commanded anything like a general 
assent 

During the series of telegraph soundings carried on 
in the North Atlantic in the year 1860 by H.M.S. 
BuUdog, the vexed question of deep sea life received 
much attention from Dr. Wallich. On one occa- 
sion the sounding line brought up a cluster of 



160 


SCIENCE FOR ALL 


brittle-stars attached to a portion of it which had 
lain on the bottom at a depth of 1,260 fathoms, and 
globigerinae were found in their stomachs, together 
with other matters. Other animals were obtained 
from various depths down to 1,900 fathoms. Put- 
ting all these and other facts together, Dr. Wallich 
was led to the conclusion that animal life of an 
abundant and varied chai’acter existed at the 
bottom of the sea at depths which were generally 
supposed to be nearly or quite devoid of life ; that 
the deep sea has its own special fauna, and has 
always had it in ages i)ast; and hence that many 
fassiliferous strata, hitherto regarded as having 
been deposited in shallow water, may really have 
been deposited at considerable depths. Unfor- 
tunately there was one defective link in Dr. 
Wallich’s chain of evidence. We have now no 
sort of doubt but that the brittle-stars which came 
up “convulsively embracing” a portion of the 
sounding line had been living on tlie bottom ; but 
owing to the condition of knowledge — or, rather, 
want of knowledge — and prejudice at that time, 
their irregular moile of appearance left a loo{)hole 
for scej>tici8m. Had they only come up in the 
dredge, it would have been to find themselves 
famous. They would at once have achieved im- 
mortality as furnishing the first absolute proof of 
the existence of highly organised animals at depths 
exceeding 1,000 fathoms. Such a proof was ob- 
tained in the same year (1860), although, singularly 
enough, not by a professed naturalist. The cable 
of the Mediterranean Telegraph Company between 
Sardinia and Bona, on the coast of Africa, failed 
completely, and the first 40 miles of the Sardinian 
end were taken up for repair. The engineer 
directing the operations, Mr. Fleeming Jenkin, 
— now Professor of Engineering in the Univereity 
of Edinburgh — found much coral and many other 
marine animals attached to parts of these 40 miles 
of cable, which hod been submerged to a depth of 
1,200 or 1,600 fathoms. The collection included 
shell-fish, tube-worms, sea-squirts (Ascidians), 
sponges, and polyzoa. Rome of these animals had 
j)reviou8ly been considered very mre, or had been 
altogether unknown ; whilst others were only 
known in a fossil state as belonging to the fauna 
of the later Tertiary deposits of the Mediterranean 
Ijosin* Mr. J enkin placed specimens of the animals 
which he had himself taken from tlie cable, with 
notes as to their res])ective depths, in the hands of 
Professor Allman, for determination ; and he 
sul>sequently gave an interesting account of his 
proceedings at a meeting of the Institution of Civil 


Engineers. Some other portions of the cable were 
examined by M. Alphonse Milne-Edwards, who 
read a pa{>er, describing the animals attached to 
them, before the Academy of Sciences in Paris. 
He laid great stress on the value of this observa- 
tion as a solution of the vexed question of the 
existence of animal life at depths of the sea greatly 
below the “ zero ” of Edward Forbea There could 
of course be no doubt os to the real depth from 
wliich the animals were obtained, and some of 
them, such as the corals and jwlyzoa, must have 
become attached to it when young, and have grown 
to maturity in the position in which they were 
found. This observation of Mr. Jenkin% there- 
fore, must be considered as having affoixled the 
first absolute proof of the existence of highly- 
organised animals at depths in the ocean exceed- 
ing 1,000 fathoms. 

During the last twenty years the attention of 
naturalists has been strongly directed to the ques- 
tion of deej) sea life, and the impoiiiance and 
interest attaching to its solution have been recog- 
nised by the Governments of many of the Europc^an 
countries and by that of the United States. The 
earliest systematic work in deep sea exploration 
was carried on by Professor G. 0. Bare, an inspector 
of fisheries under the Norwegian Government, who 
took advantage of the opportunities afforded by 
his occupation to dredge down to 460 fathoms 
on some parts of the coast of Norway and among 
the Loffoten Islands. No less than forty-two 
different si)ecies were found at 460 fathoms, while 
from the zone between tliis depth and 250 
fathoms a total of 427 species was obtained. In 
the year 1868 Count de Pourtales commenced a 
most fruitful series of deep sea explorations by 
means of the dredge, in connection with the regular 
soundings carried on in the Gulf Stream by the 
United States Coast Survey, under Professor Pierce. 
Pourtales dredged down to 600 fathoms along a line 
between Florida and Cuba, and found echinoderms, 
corals, Crustacea, worms, and mollusca : “ in fact, a 
fauna as ))lentifully represented as along the most 
populotis of our [American] marine shore fauna.” 

This promising start has been well followed up, 
scarcely a year passing without more or less di^edg- 
ing being carried on in the Gulf Stream by Pour- 
tales, Stimpson, and others; while in 1871 the 
United States war steamer Hassler was placed at 
the disposal of the late Professor Louis Agassiz 
for a voyage of exploration round the coasts of 
America, from Boston to San Francisco ; and, 
again, in the winters of 1877-8 and 1878-9 very 
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exteoBive dredging opemtions were carried on by 
Hr, Alexander Agaasiz in the United States 
steamer Blake^ in the Straits of Florida, Gulf 
of Mexico^ and the eastern part of the Caribbean 
Sea. These explorations are only second in interest 
and importance to those carried on by our own 
Government during the same period, and the results 
of tlie one series gain greatly in value from the way 
in which they complete and extend those of the 
other. Our own systematic deep sea work began 
in the same year (1868) as that of our American 
fellow-workers. The Lightridaig^ a small surveying 
ship, furnished with all the necessary appliances 
for dredging and temperature sounding, left Storno- 
way, in the Lewis, on August 11th, under the 
scientific charge of Dr. W. B. Carpenter and Piofessor 
(late Sir) Wy ville Thomson. The weather was very 
unfavourable, and in five weeks only ten days were 
available for di’edging in the open ocean, and only 
on half of these did the depth exceed 500 fathoms. 
On the last available working day it reached 660 
fathoms. Nevertheless, the work of the Lightnhig^ 
limited though it was, yielded most valuable re- 
sults. Not only was it shown that animal life was 
varied and abundant, represented by all the in- 
vertebrate groui)s, down to a depth of 660 fathoms, 
but it was also shown that instead of the deep sea 
having a uniform temperature of 39” Fahr., thei’e 
might be two distinct climates at the same depth 
within a few miles of each other : the one Arctic, 
with a temperature below the freezing point of 
fresh water (32° Fahr.), and the other with a tem- 
perature 16° higher. It was also shown tliat this 
was due to the movements, in opposite directions, 
of great masses of water at these diflerent tempera- 
tures, maintaining by this means a I'emarkable 
system of oceanic circulation, and yet keeping so 
distinct from one another that an hour's sail would 
be sufficient to pass from the extreme of heat to 
the extreme of cold. The Lightning di'etlgings, 
few as they were, and limited as was the area 
explored, revealed the fact that a large proportion 
of the forms living at previously unexplored dej)th8 
belong to species hitherto unknown ; and that while 
some are specifically identical with Tertiary forms 
supposed to be extinct, others are more closely 
related to types which had flourished in the 
Cretaceous period. 

The results of the Lightning dredgings, briefly 
described above, were of such importance as to 
create a great desire for more extended investiga- 
tions, which were made at greater depths and over 
a larger area, in the two following years, by H.M.Si. 

m 


Porcupine, In 1869 deep sea explomtion was 
carried on over the ai'ea explored by the LigJUning 
in the previous year (between the north of Scot- 
land and the Faroe Islands), and also along the 
Atlantic coasts of Scotland and Ireland from 
Bockall to Cape Clear, and, lastly, still farther 
south, in the very deep water (2,600 fathoms) at the 
northern extremity of the Bay of Biscay. In 1870 
the area explored was extended to the southward 
as far as the Straits of Gibraltar, while much work 
was also done in the Mediterranean basin. In this 
year, too, Mr. Marshall Hall, with an intei'est 
in science which is not too common among 
yachtsmen, devoted his yacht Norrui to dredging 
along the coasts of Spain and Portugal down to 
a depth of 800 fathoms. The work of this cruise 
proved to be of great value and interest, as it sup- 
plemented that of the Porcujnne, which not only 
confirmed the results gained by the Lightning two 
yeai's previously, but extended them very con- 
sideiubly, proving that the bottom of the Atlantic 
at all depths down to 2,600 fathoms possesses an 
abtmdant and chai*acteristic invertebrate fauna. 

In the MediteiTanean, on the other hand, the 
conditions are somewhat unfavourable to life at 
great depths, the bottom below a few hundred 
fiithoms l)eing nearly devoid of life ; although, as 
])ointed out in a previous paper,* the temixu’ature 
never falls below 54° Fahr., even when the depth 
reixches 2,000 fathoms. This great contrast between 
the faunas of the Mediterranean and Atlantic 
at the same depths, seems to be due to the fact 
that all the deei)er parts of the Mediterranean are 
covered by a deposit of exceedingly fine mud, which 
is brought down by the Rhone, Nile, and other 
livers, is dispersed by surface currents, and gradually 
subsides to the bottom. The turbidity of the bottom 
water which is thus caused is very unfavourable to 
animal life. All marine animals breathe the air 
dissolved in the water which comes in contact either 
with the geneiul outer surface of their bodies or 
with special prolongations of it, that are known as 
gills ; but if this water be charged with a number 
of very fine particles, the deposition of them upon 
the respiratory surface will interfere with its projier 
action. Oyster-beds, for example, cannot be estab- 
lished in situations to which fine mud is brought 
by any ciuTont. Corals, again, will not flourish 
near the mouth of a river, as they become choked 
by the sediment which it brings down ; while the 
CJmllenger dredgings have shown that an admix- 
ture of river or shore mud with the oi-diiiary deep 
* “Science for All,” Vol. III., pp. 76—83. 
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sea deposits is usually tmfavourable to the develop- 
meat of a rich faima, and the number of groups 
represented on a bottom of such a character is 
accordingly small. In this i-espect the Mediter- 
ranean basin diftei*s very considerably from that of 
the Atlantic outsule, the conditions of its deeper 
}K)rtious being very unfavourable to life. Hence, 
although Edward Forbes’s genoiulisations which 
were deduced from his observations in the ^geau 
are true, not only for the .^gean, but for the whole 
of the Mediterranean basin, they do not Ijold good 
for the great oceanic basins, where life is found at 
all depths down to 4,000 fathoms. 

The distribution of living beings has no depth- 
limit, but animals of all the marine invertebmte 
classes, and probably fishes also, exist over the 
whole ocean-bed. Although life is thus univei*sally 
extended, it seems to be generally the rule, though 
not necessarily always so, that the number of 
si>ecies and of individuals diminishes below a 
certain de[)th, and that, at the same time, their size 
usually deci’eases, though this is not always the 
case. Thus, for example, the two deepest dredgings 
of the Challenger in the Atlantic, 3,875 fms. on a 
bottom of grey ooze, and 3,150 fms. on the red clay, 
yielded nothing but a few foraminifera ; and a haul 
in 3,000 fms. in the Piicific, on a red clay bottom, 
brought up a few sponges and alcyonarians. But 
though the fauna is poor and stunted at these very 
grc.‘at depths, shell-fish, wonns, and star-fishes are 
fairly well represented at 2,500 fms. ; and at still 
lesser depths, down about as far as 2,000 fma there 
is a considerably varied abyssal fauna.” 

Depth, howciver, is not the only condition which 
affects the distribution of animal life on the sea- 
bed ; it also depends in a veiy marked degree u[)on 
the nature of the bottom, or upon conditions which 
modify this. Life is very scarce over the area of 
red clay, wdiich is the most unproductive of all the 
deep sea deposits, its fauna consisting chiefly of 
worms and other shell-less animals. According to 
Sir Wyville Thomson, “ this comparative sterility 
depends, no doubt, to a great degree xipon the 
absence of carbonate of lime, but not entirely so ; 
for the most sterile regions of tlie whole sea are the 
moi*tar-like lime deposits which form the slopes of 
coral reefe and islands. There appears to be some- 
thing in the state of aggregation of the lime in the 
Globigerina shells, and its intimate union with 
organic matter, which renders the Globigerina-ooze 
a medium peculiarly favourable to the development 
of the higher forms of life ; the stomachs of the 
more highly organised animals living in it or on its 


surface are always full of the fhtsher foraminiferai 
shells, from whidi they undoubtedly derive not 
only mateiial for the calcification of their tests, but 
nitrogenous matter for assimilation likewise.” 

The particular kind of animal life existing on 
any one part of the sea-bottom also depends to a 
very great extent upon temperature. Nowhere is 
the temperaturo so low as fiotually to prevent the 
existence of life. In fact, there are many forms 
which are known as “ Arctic,” from their occurring 
most abundantly and most fully developed in the 
seas of high latitudes. Such, for example, is the 
beautiful largo feather-star of the Greenland and 
Spitzbergen seas. The individuals of this species 
which have been dredged off Halifax and in the 
cold aroa ” of the North Atlantic are nothing like 
as latge as those winch occur farther north. On 
the other hand, cold may dwarf the fauna and limit 
the number and vanety of its forms. Thus in the 
same “ cold area ” the common twelve-rayed star- 
fish, which is about the size of a pudding-plate in 
the British seas, is dwarfed do^vn to about the size 
of a crown-piece. It is a matter of peculiar interest 
to see how such low tempemtures affect foims with 
which we are perfectly familial* ; because then wo 
get the clue to the same influence operating 
through very long periods of time in reducing such 
a form as the pear-encrinite (Apiocrinu^ of the 
Bradfoixi Clay to the little Rhizocrinus (Fig. 1), 
which is so veiy widely scattered over the Atlantic 
sea-bed. The Ajnocrinidai attained their maximum 
of development in the Jurassic or Oolitic jHiriod, 
and are ropresented in the chalk by a type known 
as Bourgnetlicrinm^ which is far smaller than the 
Bradford Clay species, and shows many other 
symptoms of degeneracy. Rhizocrinue is a closely 
similar type, but still more degraded, and it now 
lives on a cold bottom ; whereas the Jurassic seas 
certainly, and the Cretaceous seas probably, were 
warmer than the bottom of the Atlantic at the 
present time. On the whole, except at very extreme 
depths, it is found that the conditions of the deep 
sea bed are not only such as to admit of the exist- 
ence of animal life, but also to allow an extended 
distribution of animals high up in the zoological 
series, and closely related to some of those charac- 
teristic of shallower water ; so that in this case the 
entire change of external conditions — namely, 
enormous pressure, utter darkness, and a difference 
in the chemical and physical conditions of the 
water and in the proportions of its contained gases 
—does not seem to influence animal life to any 
great extent 
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Although animal life, as repreaented by the 
higher groups, is scattered, and by no means abun- 
dant at extreme depths, yet many of the abyssal 
forms have a very wide and perhaps even a uni- 
versal distribution. The abyssal fauna is remark- 
ably uniform, and although it contains representa- 
tives of all the principal marine invertebrates, the 
relative proportions in which these occur arc 
peculiar* All classes of shell-iiBh, crabs, and worms 
are, on the whole, scarce, while echinoderms and 
sponges greatly preponderate. The families which 
are specially characteristic of the abyssal fauna, and 
are also most nearly related to extinct types, are 
very widely distributed, such as the siliceous si)onges 
with six-rayed spicules {Hexactvndlidai, Fig. 2), 
the stalked crinoids like Ehizocrinm (Fig, 1), and 
other sea-lilies ” (Fig, 3), and certain sea-urchins, 
es^)ecially those which have a flexible test instead 
of a shell of immovable plates (Fig. 4). On 
the whole, they aie more abundant, larger, and 
moi^ fully developed in the Antarctic Ocean and in 
the great ocean of the water-hemisphere generally 
than they are in the Atlantic and Pacific. In 
many cases this uniformity is not limited to 
families, or even to ^nera, for 8})ecies of urchins, 
ci'iuoids, and sliells are common to both the 
European and the American basins of the North 
Atlantic, while some few also occur in the Southern 
Sea. Othera And their nearest allies not so much 
in species from shallower waters as in the inhabi- 
tants of seas of former geological periods, having, 
for example, a much closer relation to fossils from 
the chalk than to recent types pi-eviously known to 
us. Some, indeed, belong to groups of animals 
which were supposed to have become extinct with 
the close of the Mesozoic period of geological time ; 
though the number of such ‘‘resuscitated*' tyi)e8 
which have rewarded deep sea explorations is not 
so great as was expected. 

The remains of Radiolarians are found in all the 
deep sea deposits, usually in very direct proportion 
to the numbers occurring on the surface and in 
intermediate waters. Foraminiferal shells fallen 
from above are also universally distributed, and 
living forms are very geneitdly present, but they 
differ from those which are found at and near the 
surface chiefly in having sandy tests or calcareous 
shells, which are not pierced like that of Glohigerina 
(Fig. l,p. 79) for the exit of “pseudopodia.** Sponges 
extend to all depths, the Hemctinellidm (Fig. 2) 
being the most numerous and the most character- 
istic of the abyssal fauna. Tlie same or very 
similar forma are found abundantly down to depths 


of 1,000 fms. along the coasts of Portugal and Brazil, 
while some sjjecies are apparently cosmojK)litan. 
•The Hydrozoa are not very fully represented at 
great depths, though gigantic individuals were 



dredged in the North Pacific at depths of 1,875 fma 
and 2,900 fms., with a stem 6 feet long and a head 
measuring 12 or 15 inches across the crown of 
extended tentacles. Among the Actinozoa, corals 
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are nc^ abuudaiit in deep water, though one species 
extends pmotically through all depths ranging fram 
30 fma to 2,000 fma Certain forms of sea-pens also 
go down to great depths, while the clustered sea- 
polype ( Unibellula/ria) appears occasionally, usually 


by two or three closely-allied species (Fig. 5). 

Among the echinoderms the sand or brittle-stara 
are prominent members of the deep sea fauna, 
several 8])ecies coming up from the greatest depths, 
while the ordinary star-fishes abound at all the 
more moderate depths. Tlie sea-urchins are nume- 
ions and of great interest in their pala 3 ontological 
osiject, from the relations of many of them to fossils 


of the laterMesoeoio beds. . The stidked crinoids 
or sea-lilies are the most iutei*esting of the deep sea 
eohmoderma, but are comparatively few in number. 
The largest of them belong to the Pmt(wrinidm 
(Fig- 3), a family which is abundantly repre- 
santed in the lias. They do not usually 
extend to the greatest depths, as do 
Shizocrintis (Fig. 1) and two allied 
genera which ai-e the last survivors of 
the large and important family 
Aptocrinidoe. The holothurians, or 
sea-cucumbers, like the brittle-stars, are 
very generally distributed, occurring 
down to the greatest depths. Worms 
are rare in deep water, though in one 
or two localities they seem to be 
almost the only inhabiteints of the red 
day, making their tube-like houses of 
a peculiar gi*itty matter which the 
day contains in small quantity. 

The various orders of Crustacea form 
a most interesting and important ele- 
ment in the deep sea fauna. The 
stalked cirripedes (barnacles) and 
shrimps are very generally distributed, 
but the crabs are confined almost ex- 
clusively to comparatively shallow 
water. Shell-fish do not enter largely 
into the fauna of the deep sea, but 
some species, usually small and ap- 
parently stunted, are widely though 
sparsely distributed. Fishes, though 
not abundant, api>ear to be universally 
present near the bottom of the deep 
sea, nearly every haul of the CIuil- 
lefiiger^s trawl bringing up one or more. 

One of the most curious points in 
connection with the distribution of life 
on the sea-bed is the very great differ- 
ence in the faunas of the warm ** and 
the “cold*^ areas of the North At- 
lantic. It has already been mentioned 
that one of the results of the Lightr 
ning expecRtion was the discovery of 
two distinct submarine climates at the same depth, 
and within a few miles of one another, in that part 
of the North Atlantic which lies between the north 
of Scotland and the Faroe Islands. The average 
bottom temperature of the cold area is a little 
below j|)he freezing point of fresh water (32° Fahr.), 
though it sometimes falls as much as 2^^ lower. 
This low temperature is due to a direct movement 
of cold water from the Arctic Ocean into the North 
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Sea* A rapid (mireat eweepa round the south of Atlantic basin. Here it meets the similar currents 
Spitsbei^n and greatly reduces the temperature of which have come southward along the east coasts 
the Nwth Sea, while a part of it moves into the of Iceland and of Greenland, and it imites with 
eiiannel between the Faroe Islands and the north them in spreading over the deepest portions of the 



North Atlantic basin, where 
they meet a corresponding in- 
draught of Antarctic water, so 
that the temperature of the 
basin is very considerably 
lowered. It never, however, 
falls quite so low as in the 
cold area ” of the Faroe 
channel. But owing to this 
fact of Arctic conditions being 
continuous (in a broad sense) 
throughout the greater depths 
of the North Atlantic, a large 
number of the inhabitants of 
the cold area are comwion to the 
deep water off Hockall and as 
far south as the coast of Portu- 
gal. But besides these gene- 
rally distributed forms, the fauna 
of the Faroe channel includes 
others [such as the large crus- 
taceans and sea^spiders (Fig. 
6), and some of the star-fishos], 
which ai'e not only generally 
characteristic of cold climates, 
but especially so of tliat part of 
the Arctic province which is 
represented by the seas of Spits- 
bergen Greenland, and the 
Loffoten Islands. 

In the “w’arm area” and 
wherever the bottom is covered 
with Globigerina-ooze, calca- 
i*eous Foraminifera predomi- 
nate, and many of the common 
types have remarkably lai^ 
representatives, which are con- 
sidembly larger than any forins 
piwiously known from the 
temi>erate regions. Some of 
the Oristellarians have their 
shells encrusted with sand-grains 


Tig. 8. ^Fexitaoriiiiit Maolenmoa. A Sea-lfly. SUghtlj •nlfttged. 
(AJUr Sir Wyvia« Tkom»on.) 


bound together by a calcareous 
cement, while true arenaceous 


of Scotland which was explored by the LiglUning forms also occur. But the latter kind, in 

and Porcupine, At the western opening of the which the ordinary calcareous shell is replaced 

channel between the Faroe banks and the Hebrides, by a case or test composed of cemented sand- 

the Arctic current moves down the slope which grains, are almost the only Foraminifem of the 

forms the eastern margin of the great North cold area, where the bottom consists only of sand 
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and small stones; and these arenaceous forms, 
although abundant in their seveial localities, are 
veiy limited in their geograpliical range. The 
most common types consist of beaded tubes, about 
an inch long and one-eighth of an inch in diameter 
{Botellhia)^ and the large -chambered Lituolm; 
but witli the exception of tliese arenaceous types 
the Foraminifera of the cold area are not remarkable 
either for number or for variety, and as compared 
with their extraordinary abundance in the warm 
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Fia> 4.— Calveria hyttrix. A Sw-urchin with » flexible test. Two-ihlrfli 
the oaturel sixe. (After Sir WyviXU Thomtom) 


area, are rather ** conspicuous by their absence.” 
The sponges of the warm area are very chanicter- 
istic. Most of them have flinty skeletons and 
belong to the group of the Uexacthiellida!, or 
sponges with six-rayed spicules (Fig. 2). Their 
spicules consist of a primary axis of valuable length, 
which at one jioint is crossed at right angles by 
four secondary raya B|K)nges are also abundant 
in the cold area, but the types represented are 
mostly quite distinct from those of the warm area 
as well as very diverse inter se. One type 
belonging to the Corallioepongtoi (in which the 
spicules consist of a shaft with throe diverging 
rays at one end) is especially common. It is one 
of the most characteristic inhabitants of the cold 
area, seeming to cover hundreds of square miles 
of the sea-bed, and growing as a kind of bush or 
shrub, so as to clothe the bottom like heather on 
a moor. It has a Arm branching axis of a pale 


sea-green colour rimng from a spreading root, and 
oomposed of a continuous homy substance. It is 
clothed with a soft bark of the pale yellow sarcodio 
substance of the sponge, which is covered with j^res 
and rises here and there into elevations, perforated 
by the large exhalent apertui*es or “oscula.” ♦ Both 
axis and baik are crowded with flinty spicules. 

Although many of the echinoderms of the cold 
area are common to the warm area, the general 
ap{>earanoe of the two echinoderm faunas is very 
diflerent, and that of the 
cold area contains a num- 
ber of additional and very 
striking forms, chief among 
them being a heart-ui*chin 
of extraordinary interest. 
In fact, its reniaikable rich- 
ness in echinoderms, both 
in number and variety, 
is undoubtedly the chief 
characteristic of the fauna 
of the cold area. They are, 
however, chiefly of Boreal 
or even Arctic t 3 rpe 8 , and 
those of the charactenstic 
southern forms which occur 
are far smaller tlian usual, 
some of the Bta]>flshes hav 
ing only one-third their 
ordinary size. Amongst 
the more northern forms 
are nearly all those des- 
ciibed by the Bcandinavian 
natuinlists as inhabiting the 
seas of Norway and Greenland. Thus, the most 
common form in the locality known as the “ Haaf ” 
(the deep sea fishing-ginund on the Shetland 
plateau) was a tiny sea-urchin {Echinw Norvegicua), 
three-quarters of an inch in diameter, which had 
previously been considered as a great rarity. The 
Porcupine^ however, obtained it literally by thou- 
sands, 20,000 or more coming up at a single haul 
of the dredge. The large A ntedon Eachrixhtii^ again, 
is remarkably abundant in the cold area. It is one 
of the two Arctic species of feather-stars, having 
been dredged in the Spitzbergen and Kara Seas, 
Davis’ Strait, round Iceland, and lastly in the 
Arctic current off Halifax by the Challenger. Not. 
one, however, was obtained in the warm area, the 
crinoida of which are all members of the stalked 
division of the gi*oup. The best-known one is the 
small Phizocrintia Loffotenm (Fig. 1), already referred 
« Science for All,*’ Vol. I., p. 59, Figi. 5, 6. 
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to as of extreme interesti owing to ite being a repre- 
Bentative — ^though only a small and degraded one 
— of the great family of the Apiocrinidas, which were 
Bo abundant in the Jurassic seas. The large pear- 
encrinites of the Bradford Clay are eommon fossils 
in museums, and reduced representatives of the 
type occur fossil in the chalk, so that the discovery 



Fig. 5,— Umbellnlaria Gioenlandica. The Cliistored Sea-polype. 

Natural eiae. {After Sir Wyville Thomson.) 

in 1864 by G, O. Sai's of the still more reduced 
R^iizocrinus at a depth of 300 fathoms otF the 
Loffoten Islands was of extraordinary interest. 
This type has also been obtained by the American 
dredgers on the other side of the Atlantic, and two 
other members of the same family have since been 
discovered. Fragments of Rhizocrmiis were 
dredged in the cold ai'ea, but no living specimen 
was obtained, although the ciuTent in the Faroe 
channel comes directly from the seas of the LofToten 
Islands, where it abounds. 

With one or two exceptions, the characteristic 


Arctic ecliinoderms do not occur in the warm area, 
but it is inhabited by some very peculiar sea-urchins 
with flexible tests,'' composed of overlapping 
plates (Fig. 4), and quite unlike the ordinary 
urchins, in which the plates meet edge to edge and 
abut against one another so as to form a continuous 
rigid shell These flexible urchins recall a veiy 
singular fossil from the white chalk which had been 
supposed to be extinct like the stalked crinoids, 
and the discovery of the peraistwice of this type 
until recent times is of the highest interest and 
importance. 

The Crustacea of the cold area are distinctly 
Arctic, many of them belonging to the fauna of 
Spitzbergen, while others are characteristic Norwe- 
gian forms, most of them reaching a very great 
size. This is especially the case with the sea- 
spiders, specimens of which, 5 inches in diameter, 
wera very plentiful in the cold area (Fig. 6). 
Crustacea an) numerous in the warm area, but 
the gigantic Arctic forms are entirely unrepre- 
sented, and are replaced by other types of a more 
southern nature, some of which are familiar Medi- 
teiTanean fonns. 

Shell-fish are much more abundant in the waim 
than in the cold ai'ea. In the latter they do not,, 
as usual, constitute the principal results of a dredg- 
ing haul, but are quite subordinate, as ragards both 
numlier and variety, to the groups alraady men- 
tioned. Many species are common to both areas, 
the difleronce lietween their molluscan faunas being 
by no means so great as that shown in other 
groups. On the whole, however, the fauna of the 
cold area is decidwUy characteristic, although many 
of its most distinctive species are common to the 
deep water of the warm area whenever its tempera- 
tui*e sinks below about 37^ Fahi*. 

The bottom *' of the cold area is mostly coarse 
sand and gravel. On the Scottish side of the 
channel the gravel consists chiefly of the dehria of 
the Laurentian gneiss and other metamorphic rocks 
of the north of Scotland, and the “Old Bed Sand- 
stone" beds of Caithness and Orkney. On the Faroe 
side of the channel, however, the sand and pebbles 
are chiefly basaltic. This difibrence shows itself 
very distinctly in the colour and com|X)8ition of the 
worm-tubes, and in the tests of the arenaceous Fora* 
minifera. Tlie ^lebbles are all rounded, and their 
variable size and the roughness of the gravel in 
different places indicate a certain amount of move- 
ment of material along the se 4 i-bed. On the other 
hand, the “ bottom " of the warm area is the Globi- 
gerina-ooze^ the presence of which is sharply bounded. 
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hy the limits of this area. At its borders the com- 
position of the ooze is modified by an admixture of 
the sand characteristic of the cold area, which is 
especially distinguished by the presence of i)articles 
of augite and other minerals having an undoubted 
volcanic origin. 

Tiie cold area, as already mentioned, has sharply- 
restricted boundaries; but the Globigerina-ooze 
occupies an enormous extent of the Noi*th Atlantic 
aea-bed.^ It covers the ridges and elevated pla- 


teaus below 400 fathoms, and occupies a belt at 
depths down to 2,000 fathoms round the shores, 
outside the line of shore deposits. All this area, 
however, cannot be considered as a continuation of 
the warm area of the Lightning and Porcupine 
expeditions. The whole 500 fathoms or 600 fa- 
thoms of water down to the bottom at the mouth 
of the Faroe channel corresponds only to a surface 
layer of similar depth in the main Atlantic basin. 
Here the up}>ermo8t 700 fathoms or 800 fathoms 
are in all cases actually “ warm,” being a portion 
of a great northward set of warm water, of which 
the Gulf Stream is so important a part. Where, 
however, the depth greatly exceeds 800 fathoms 
there is a mass of cold water beneath, sinking 
• ‘‘SdeiMse for All,*’ VoL IH, p. 81 . 


slowly to near the freezing point (32*’ Fahr.), alio^ 
gether irrespective of the nature of the bottom. 
Thus between Madeira and Oape St Vincent the 
Citallenger found the tempemture to be frequently 
as low as 35** at depths of 2,000 fathoms or moi'6, 
although the bottom was the same Globigerina-ooze, 
as that dredged farther north from a depth of 
only 500 fathoms, with a bottom temperature 10" 
higher. 

The ** bottom ” or habitation of the fauna, there- 
foi'e, is only warm (i«., 40® Falir. 
and upwards) when the deptli is 
not greater than 800 fathoms, and 
in such a case only can the term 
‘ ' warm aiea ” be correctly applied. 
8uoh are the conditions off the 
Paix^e Islands, mnd it is this 
which makes the contrast of the 
warm and cold ai'eas so mai*ked in 
that region. This contrast is of re- 
markable interest to the geologist, 
for it has been shown how, at the 
same depth and on the same geo- 
logical horizon, two distinct de- 
posits may be taking place within 
a few miles of one another, both 
covering large ai'eas of the sea- 
bottom, but differing alike in their 
mineral characters and in the 
nature of their inhabitants. Were 
they raised into “ dry land,” the 
one deposit would be found to be a 
coarse sandstone, including frag- 
ments of older rocks, and possessing 
a characteristic fauna of an Arctic 
type. The other would be a calcareous rock 
essentially like chalk, and would contain a great 
variety of animal remains of a totally different 
type from the fossils of the sandstone, several 
of them belonging to a temperate rather than 
to an Arctic fauna. The differences between 
these two have been shown to depend ujion 
differences in the bottom temperature of the 
various parts of the sea in which the two deposits 
are being laid down. It has been suggested that 
similar causes — climatic differences depending upon 
deep ocean-currents — may have produced the re- 
markable contrasts between the faunas of different 
areas of the same geological formation with 
which geologists and palseontologists are So 
familiar. 



Fig, 6.— Nymphon abyssonini. The Sea-spider. Slightly enlarged. 
(Apffr Sir W^inUe ThoiMon.) 
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By W. F. Dennino, F.H.A.S. 


W HEN a man Brat practically engages in astro- 
nomical work, he naturally becomes inqitisi- 
tive to know the best class of observation suited 
to the capacities of his telescope. The firmament 
exhibits a multitude of objects, from the resplendent 
sun to the faintest nebula; and looking at tlie clear 
nocturnal sky whensoever and wheresover he will, 
it will be found to display variety enough and 
l>eauty exu>ugh to satiny the most fastidious 
observer. Groups of stars showing a remarkable 
diversity of configuration and magnitude are more 
or less piofusely scattered over the whole celestial 
vault, and interspersed with nebuieo of vaiious 
forms and degrees of condensation. The blighter 
stars here and thei*e emitting their scintillations, 
and the major planets shining with a grander, 
steadier lusti'e, enabling them to be distinguished 
from the s]mi‘kling light of the stars, combine to 
attract the attention of the observer. Tlie planets, 
it must be admitted, offer the most interesting 
features for telescopic examination, for the best 
instilments exhibit the fixed stars merely as 
luminous |K)i|its, incapable of amplification by the 
highest magnifiei's ; while the planets are at once 
resolved into large globes of well-defined outline, 
disjilaying a variety of mai’kings uix)n their sur- 
facea This is the case particularly in regard to 
Mars, Jupiter, and Saturn, but lias no reference to 
the myriads of minor planets grouped between the 
orbits of Mars and Jupiter, which, as telescopic 
objects, certainly have no claim to merit, since their 
extremely small dimensions render the details of 
their surfaces utterly beyond our reach. But 
atti’active as are the asjiects of some of the chief 
planetary members of the solar system, there is no 
doubt that the moon, of all objects, is eminently 
the one of gi^eatest interest, exhibiting, as she does, 
a mass of permanent detail, never shrouded in 
atmospheric vajK>urs, and maintaining a [>erfectly 
clear and serene appearance, enabling it to l»e 
sharply defined in a telescope. Her mountain 
ranges, crater-chains, and other formations, with 
those curious luminous streaks or radiations extend- 
ing over certain regions of her surface, render the 
lunar scenery as imposing as it is varied, and when 
represented in a good instrument, the view of our 
satellite is one that may be contemplated for a long 
time without flagging interest. On the sun we 
perceive that the condition of the visible surface 
118 


is wholly difierent. Interposing coloured glass to 
cut oft* the intensity of the solar rays, we are enabled 
to conveniently scan the brilliant disc and to dis* 
tinguish there many dark and bright sjxits of 
irregular and rapidly changing forms, situated in 
the sun’s luminous atmosphere, and giving evidence 
of tlie occurrence of vast disturbances. Thus, con- 
siderad as telescopic objects the sun and moon are 
totally dissimilai*. The evanescent, ever-vaiying 
markings in the sun’s bright euveloj)© are in strike 
ing contrast to the persistent forms ranged over 
the face of the moon. In other words, while the 
phenomena ap{>areut on the sun are purely atmo- 
spheric in origin and transient in nature, the mark- 
ings dis])layed on the moon are part of her i*eal 
surface, and of permanent character. 

Of the planetary membera of the solar system 
Jupiter offers in many resjiects the most attractive 
features for examination. He forms a distinct 
system of his own, and is remarkable for his great 
magnitude, and for the rapidity of his motions. 
Not only does he present an interesting object for 
the naked eye, shining with a Instee not much in- 
ferior to Venus, but as an object for telescojnc 
scrutiny his appearance is magnificent, exceeding in 
extent of detail that of any otlier jfiauet, and more 
readily distinguished with instruments of modei'ate 
]Hiwer. To tlie naked eye he far excels the lustre of 
Sirius, and Mars is seldom comparable with him. 
Venus, however, justly claims superiority as the 
most brilliant luminaiy of her class, though her 
]>osition as a moniing or evening star never reaches 
.'>0° distance from the sun ; hence she is always seen 
more or less in tlie twilight, and often envelefietl 
in the fog and smoke floating about at low altitudes. 
Jupiter, on the other hand, at opposition, continues 
visible throughout the whole night, and therefore 
the circumstances of his apparition ai*o mora 
favourable than in the case of Venus. When 
Jupiter is thus situated in the winter months, he 
attains consideiuble elevation, for his position in 
the zodiac has nearly the same altitude as that 
attained by the sun at midsummer ; and in the clear, 
frosty nights of that season, when the moon is 
absent, this planet is the most lucid object in the 
heavens. Could we behold Venus under the same 
propitious auspices, high in the midnight sky, her 
apparent brilliancy would be greatly enhanced, far 
surpassing her lustre as we have been accustomed 
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to notice it, as she precedes or follows the sun at 
her western or eastern elongations. 

Jupiter arrives at opi> 08 ition once in about thir- 
teen months, and is then admirably well placed for 
investigation. The application of a very small 
telescope will I'eveal the globular form of the planet, 
and dismiss the false rays commonly originated 
by the eye, and show the satellites as faintly dis- 
cernible stars ranged in a line on each side. 
Possibly, too, a faint indication of the belts may be 
apparent in the form of several dark parallel lines 
crossing the planet’s equator, but they will be 
traceil with some difficulty, and the observer will 
scarcely be able to glimpse any of the details so 
readily distinguished in jHjw'erful instruments. But 
the planet himself, shining as a small blight globe, 
and beside him his retinue of four attendant satel- 
lites, comjKKse, it will he admitted, a spectacle of 
atti*active rarity, displaying before our eyes a 
perfect miniature system in which are exemplified 
the same laws by wliich tlie sun and planets are 
governed and regulated. In fact, the jovian planet, 
with his minor orbs, is aptly suggestive of that 
great system of which he is one of the individual 
members, and in the motions and jieriods of his 
satellites are repeated the HJiine rules which charac- 
terise the leading planets of the solar system. 
Thus even in a small glass the view of Jupiter 
affords a fitting object for contemplation, as giving 
an idea well within the comjiass of our vision of 
what is displayed in tho more vast and varied 
mechanism of the sun and his cii'cling planets. 

With an incToaso of optical power the features 
of Jupiter and his moons become more plainly 
manifested. Many details which had wholly 
escaped recognition with inferior means, now' come 
well into view, and may be submitted to careful 
inspection. The dusky sti'eaks or belts upon the 
planet are resolved into well-defined bonds of 
shading, exhibiting much variety in dej)th of tone, 
with here and there light spots and patches iuter- 
sperseil wdtli darker markings. Tlie number of these 
lielts is sometimes very considerable. Near the 
e<]|uator there are usually two very distinct zones of 
sliading, supplemented by outlying narrower bands, 
less conspicuous than those girding the equator. 
Farther towards the ix)les more of them appear, all 
miming nearly parallel, and in sucli close juxta- 
position as to be haixlly separable. In the imme- 
diate polar regions the belts have apparently 
coalesced, forming caps of grey shading. Towards 
the central meridian of the ]>lanet the belts gene- 
rally are more conspicuous, fadmg away , upon 


the margin of the disc. Some observers have- 
delineated them *^818 abruptly terminating before 
reaching the limb, but they may always be followed 
up to the very edge of the planet, though often 
veiy faint there. Fig. 1 represents the appearance 
of tlie planet’s disc as figured by the writer on 
March 7th, 1873, with a reflecting telescope of 
10 J in. aperture, power 212. 

Two darkish spots wei*e seen, with adjoining 
light spaces, and the belt lying S. of the equa- 
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Pig, 1.— View of Japiter'tt Beltg, March 7 , 1873, 7,40 p.iii. 


torial shadings was broken and curved downwards 
on tho western side. The North polar shading was 
noted very dark, Ijoing nearly as conspicuous as the 
chief belts and far deeper than the South polar 
shading, which seemed comparatively faint. 

Zucchi, at Rome, on May 17, 1630, was the firsts 
according to Riccioli, to distinguish the belts on 
Jupiter. Though more difficult than the satellites, 
they are nevertheless sufficiently conspicuous for 
observation in small telescopes, and it is certain 
that they could not long remain undiscovered after 
the invention of that instrument They are, how- 
ever, of variable intensity, sometimes faint, at 
other times very dark and plain. Tliough subjected 
to many changes of form, yet they display some 
permanency in general appearance, while they 
exhibit nothing like the constancy of the markings 
on Mai’S. The forms of the jovian belts at ensuing 
oppositions of the planet, though sometimes fairly 
accordant, seldom show resemblances sufficiently 
close to allow the conjecture that the same forms are 
successively presented to view. Indeed, it is often 
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the case that the aspect of the surface at intervals 
of a few months wears a totally diiiei*ent appeaiance, 
and the obvious infeience is that the markings are 
purely attiibutable to atmospheric disturbances, 
and in no way representative of the condition of 
the planet’s real surface. It would seem that the 
longitudinal stripes or belts by which he is com- 
plexly invested are produced by air-currents 
.similar to our trade winds, but moie strongly 
inai'ked and regular than those which prevail on 
the eai'th, because the diurnal velocity of J upiter’s 
surface is far gi*eater. Tlie dusky belts of the 
planet are probably referable to zones of clearer 
atmosphere, for land is less highly reflective than 
cloud. Indeed, it would appear from many tnist- 
worthy observations that the atmosphere of Jupiter 
is constantly charged with dense volumes of cloud, 
concealing the actual surface of the planet from 
view, and allowing it to be exposed only in the 
equatorial regions and in the vicinity of the dark 
spots. But the clouds of Jupiter, though liable 
to coiisidemble variations, yet maintain a certain 
])ermanency of general form, distinguishable during 
several successive mouths, and are evidently far 
less changeable than the vapours of our terrestrial 
atmosphere. 

Spots and irregular markings of very uncertain 
character fre(|uontly occur in the belts, and are 
sometimes unusually permanent. A very dark 
spot was detected as early as 1664, by Hooke, and 
in the following year by Cassini,* and it is supposed 
to have remained in existence until 1715, for in 
the interval a similar appeai-ance was noticed on the 
disc by several observers. Miidler detected two 
black spots on November 3rd, 1834, and tliey con- 
tinued visible until April 18tli, 1835, but during 
the interval the l>elt on which tliey were situated 
liad entirely disappeared, the spots, howevei^, retain- 
ing theii* full distinctness. After Apiil the planet 
could not be examined, os it apiiroached conjunction 
with the sun ; but in the following August, when 
observations were i*enewed the spots had altogetlier 
vanished. In 1843 another large black spot made 
its appearance, and in 1858 two oblong dark mark- 
ings were noted as interesting objects. Small 
luminous specks are sometimes manifest on the 
])lanet, resembling satellites in tmnsit, and occtv 
sionally grouped together in rather considerable 
numbera. Tliey appear to have been first detected 
in 1849. On October 25th, 1857, a cluster of 
minute luminous spots, eleven in number, were 
-seen in the southern hemisphere of Jupiter, and in 
the following year a similar apjiearance was mani- 


fested nearer to the equator and in a bri^/U belt. 
Apart fi*om these singular markings, the belts 
display many curious foi*ms, though the geueml 
aH|)ect is that of well-defined regular streaks with 
a I’emarkuble pamllelism of direction. Curved and 
slanting sti*eaks are occasionally jierceived, and the 
belts are sometmies broken. A wavy appeai*auce 
has also been delineated, and the chief equatorial 
belts have exhibited a series of oval forms which, 
according to Webb, ** have the aspect of a girdle of 
luminous egg-shaped clouds surrounding the globe.” 
These objects were e8|)eci»lly noticeable in 1868 
and the few ensuing years, when the conspicuous 
colouring of the planet’s equatorial region also 
attracted considerable attention, and gave rise to 
the suspicion of |)eriodical recurrences. 

But the cloud-scenery of Jupiter has never, 
perhaps, been submitted to such genenil observation 
and discussion, as during the favourable appeamuce 
of the planet in the early autumn of 1879. A 
very remarkable spot or cloud, of oval form, and 
showing intense ruddy colouring, attracted notice 
early in July, 1878, and it has displayed such con- 
spicuous features and i>€rman(mcy as to receive the 
special attention accoi*ded to an important pheno- 
menon. It is uncertain whether the object can be 
considei'ed an entirely new feature on Jupiter, for 
we have many records of dark ellipticjil spots having 
Iwen detected upon his disc ; but it is admitted 
that if it existed a few years ago it must have been 
considerably fainter, and perhaps merely in process 
of formation. Oval markings were seen travensing 
the disc during the years 1868 and 1869 ; and 
it will be an interesting point to determine by a 
comjmrison of the observations whetlier the present 
8|X)t occupies the same jiosition on the planet. The 
interest centred in the subject will certainly lead 
to a full discussion of the jilienomena which have 
been rc3coi*ded now and in past times of dark 
figures appearing and disapj^eanng near the equa- 
torial bands of Jupiter, and observers will apply 
themselves more sedulously to the examination of 
the wonderful scenery he offers to view. Carefully 
executed sketches of his appearance, made every 
year, might reveal the fact that his ])rincipal fea- 
tui'cs are less liable to variations than is commonly 
assumed, and evidence might be furnished of the 
re-appeai'ance of the same objects after ceriiain 
intervals. Markings upon the real globe of the 
planet may be hidden several years together by 
the inteiqiosition of cloud-masses above them, for 
it is ceiiiain that tlie density and constancy of 
teiTesti-ial clouds bear no comparison with what i» 
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exemplified in a more extreme degree in the jovian 
atmosphere. And it must be remembered that 
being immeasurably superior to the earth in point 
of sise, the phenomena occurring on J upiter are on 
a scale proportionately more 
vast and commensurate with his 
huge dimensions and rapid mo- 
tions. 

The oval rose-tinted object fco 
which we have been refening 
has been described and figui'ed 
by many observers. Its posi- 
tion on the disc of Jupiter is 
slightly south of a broad band 
lying above, and south of the 
equator. The magnitude of the 
spot is enormous, for in the 
autumn of 1879 its major axis 
extended over an area of more 
than 24,000 miles, according to 
the independent estimates of 
two olwervers. Professor Prit- 
chett, of Glasgow, Missouri, 
one of the first to call special 
attention to the sjiot, wrote in 
August, 1879, that it was 
** situated on very nearly the 
same part of the planet^s surface 
as it was fourteen months ago. 

The only appreciable difi'erence 
in its appearance in 1878 and 
1879 is the very perceptible 
elongation of the major axis of the oval, and the 
shortening of the minor. The longer axis is precisely 
]>arallel to the equator of J upiter. From a large 
number of micrometer measures he found the mean 
major axis to be 14"*56, and the minor 3"-85.’^ 
But many subs€>quent measures by Prof, Hough with 
the 18^ inch refractor at Cliicago gave the mean 
length as ir'*73, and the breadth 3"’58 during the 
years 1879-1882. The spot has now (1885) re- 
mained in sight seven years and at the present 
time has the appearance of a faint elliptic 
ring. In 1857 and 1859, and again in 1869-70, 
several observers drew' attention to similar objects, 
and the question naturally arises whether these 
successive forms may not be identical. The in- 
ference seems a very probable one. The very 
rapid axial rotation of the planet, which is perfonned 
in about 9 hrs. 55| mina, gives an enormous velocity 
to the surface ; for while objects on the earth’s 
equator travel at the rate of 17 miles per minute, 
those on Jupiter traverse 467 miles in the same 


interval, or in the proportion of about 27 to 1. 
This tremendous speed must have an effect u|)on 
the planet’s atmosphere, probably occasioning 
currents of great force, and giving rise to the dark 


and bright streak-zones alternating on the planet’s 
surface. The apparitio]i of a dark oval form on 
Jupiter, and its alleged lengthening out in. con- 
formity with the direction of the l)elt8, suggested the 



Fig. 8.— Jnpiter'i Belts and Spots, fn) Jaiuiarj 8rd, 1880, i.i5 p.in.; 
(b) January 5th, 1889, 4.23 p.m« 


idea of a new belt in course of production, but tlie 
recent behaviour of the spot has shown that it was 
not really destined to fulfil such a purpose. That 
the swift axial rotation of this planet affects the 
condition and appearance of his atmosphere is 
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rendered more probable by the fact that on and 
near the equator, where the motion is greatest, the 
belts exhibit considerable regularity in their paral- 
lelism, but on the more remote parts of the disc, 
towards the poles, where the velocity decreases, 
the streaks are less decided, and they often show 
deviations from a parallel course. 

The preceding figures represent the planet’s 
inverted appearance as seen by Mr. O. T. Gwilliam, 
using a reflecting telescope of 6^ in. aperture, power 
200 (Fig. 2). The red spot waa first seen by him 
on August 21st, 1879, and on August 29th it 
appeared to have become longer, being estimated as 
fully 12" long and 5" broad. The two dark spots 
situated on the equatorial belt were the first and 
second satellites in transit. On September 3rd the 
red spot was again in view, lying over a gap in the 
great southern equatorial shading. A laige white 
spot was observed almost due north of the red spot, 
followed by several smaller ones of fieecy appear- 
ance, and these again followed by dark spots on the 
central zone. On September 7th the third satellite 
was in transit over the disc. The white spots were 
again discerned, also the conspicuous red marking, 
now almost at the apparent centre of the planet 

In 18G8, and at each favourable re-appearance 
of Jupiter during the few ensuing years, many dark 
spots were perceived on his surface. The writer at 
Bristol made a series of observations of the planet 
during the last three months of 1868 and early in 
January, 1869, and obtained thirty-nine sketches of 
tlio appearances presented by the belts in a 4 J in. 
refracting telescope. A belt just south of the 
equatonal bnght zone exhibited some abnormal 
appearances of light and shade, and sometimes 
seemed, when definition was very good, as it often 
was at about the time of sunset, to possess a wavy or 
undulatory aspect. Two views of the planet are here 
reproduced (Fig. 3), in which several dusky spots are 
shown, but as observed on successive nights they 
apparently varied in intensity of shading ; so that, 
while sometimes recorded as faint, they were occa- 
sionally described as veiy dark and plain, and 
.Scai*oely less noticeable than the shadows of the 
satellites when projected on the disc. The best 
views of those phenomena are obtained early in the 
evening, before the lustre of the planet has attained 
its full power. The disc shines with so much bril- 
liancy in the absence of twilight that the delicate 
features are almost wholly obliterated in the glare. 
Considering his enormous distance from the sun, his 
brilliancy is rather s\irprising ; for, comimred with 
the light of Mars, it has been found that the appa- 


rent splendour of J upiter fsr exceeds a proportionate 
degree in the comparison, and the conclusion seems 
inevitable that the exterior physical characteristics 
of Mars are such as more readily absorb the solar 
rays than Jupiter doea It is calculated that the 
intensity of sunlight at the distance of Jupiter is 
about thirteen times less than at Mars, and were 
the reflective properties of their surfaces equal, the 
visible lustre of the latter planet ought considerably 
to exceed that of Jupiter. In fact, though the 
apparent area of the jovian planet greatly exceeds 
that of his smaller rival, yet at his vast distance 
from the sun the solar light is so considerably 
weakened that Mam should (with equal reflective 
power) exhibit the greatest brilliancy. But we 
may probably find the explanation m the fact that 
while the atmosphere of Jupiter is loaded with 
highly reflective clouds, the condition of Mars is 
very different, displaying a clearer aspect, free from 
any rapidly- varying phenomena from which could 
be inferred the existence of cloud-laden strata 
above his surface. 

In point of size, no other planet except Saturn is 
comparable with Jupiter. The dimensions of the 
earth are vastly inferior. In Fig. 4 let e i-epresent 
the form of the earth, then j is the relative size of 



Fiff. 4.— Relative Sise of Jupiter (j) and tbe Earth (i). 

Jupiter. His real equatorial diameter is about 
86,000 miles. The compression at the poles is very 
considerable, exceeding that of any other planet. 
Several determinations of this value give jV* 
apparent diameter varies largely between opposi- 
tion and conjunction, being as much as 61" in the 
former position, and only 31" in the latter, while 
at mean distance the best measures give 38". 

Jupiter being situated some 484 millions of miles 
away from the sun, it is obvious that, at a sj>ot so 
remote, the solar diameter will be very small as 
compared with that seen from the earth. In Fig. 6, 
if the circle e represent the apparent size of the sun 
as observed by us, then the small circle j shows 
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his proportionate dimensions at the distance of 
J upiter. 

But interesting and varied as are the appearances 
of the orb of J upiter when surveyed by a telescoj^e, 
it must yet be allowed that the four satellites follow- 
ing him form also a spectacle of surpassing interest 
They are constantly varying their relative posi- 



Fig. 5.— Relative apparent Diameter of the Sun ai seen from 
Jupiter (j) and the Earth (x). 


iions, so as to comixwe many unique conhgurations ; 
indeed the planet can hardly ever be examined on 
different occasions when the satellites occupy iden- 
tical places with respect to etich other. Sometimes 
they are all on one and the same side ; sometimes 
they are equally distributed about the planet ; and 
occasionally they are seen in very close proximity 
to e»ich other, giving the irnprossion of faint double 
stars. These conjunctions are very interesting to 
witness, for the I’apid motions of the satellites soon 
bring them apparently together, and take them 
asunder with equal expedition. In a small glass 
they are seen as faintly discernible points, but with 
every increase of telescopic power the view is 
enhanced, and vastly ex^mnded and intensified. 
A thoroughly good instrument will show the 
satellites like biilbant stars, and render them visible 
in the daytime. Their different magnitudes are 
distinctly evident at a glance, and if their several 
positions are watched for a short interval, changes 
will directly become apparent, and they may be 
followed through a portion of their orbits, con- 
tinually taking up fresh relative places, and assum- 
ing a never-ending diversity of gi’ouping. 

The discovery of these moons was matle soon 
after the invention of the telescope. On January 
7, 1610, Galileo, at Padua, having made some im- 
pi-ovements in the instrument (which appeal's to 
have been invented several years previously by 
Jan Lapprfjy, of Middelbui’g), directed it to the 
planet J upiter, and there beheld several faint stars 
ranged neai* him. Resuming his observations on 
the following night, the true nature of these objects 


became manifest. There could be no doubt that 
they were small planets subordinate to Jupiter, 
attending and revolving about him, and bearing the 
same rolations to him as the moon bears to the 
earth. Galileo published the facts of these and 
otlier important discoveries in a paper entitled 
Nuncius SidereitSf the “ Messenger of the Stars,” 
and called his new planets the ^^Medicean StarSy^ 
in honour of his patron, Cosmo de Medici His 
discoveries, however, were more easily made than 
acknowledged or appreciated. The professors in 
the uiiivcirsities were incredulous, and laboured to 
overthrow them. At alwut this time Galileo wrote 
to Kepler, saying, “ Here at Padua is the principal 
professor of philosophy, whom I liave rejKjatedly and 
urgently recjnested to look at the moon and planets 
through my glass, which he j)ertiuacit)iisly refuses 
to do ! Why are you not here 1 What shouts of 
laughter wo should liave at this glorious folly, and 
to hear the jirofcissor of philosophy at Pisa labour- 
ing before the Grand Duke with logical arguments, 
as if with magical incantations, to charm the new 
planets out of the sky.” The alleged discoveries 
occasioned much excitement in the times in which 
Galileo lived, and he rendered himself liable to 
great pei’secution on that account. Tliey were so 
novel, opening out such important considerations, 
aiud so diroctly antagonistic to prevailing ideas, that 
we need not wonder at the opjxisition they met 
with. Indeed, the existence of the new orbs wi\s 
seriously disputed at fii-st, and men wero astounded 
at the audacity of Galileo in originating such fables, 
as they considerefl them ; hut he remained un- 
daunted, and (continuing his observations, and 
further assuring liimself of the truth of his asser- 
tions) jiersistently maintained his ground against 
all his calumniators. He was assailed as the 
author of gross fallacies, tending to uphold the 
Gopeniican system of the universe, which at that 
day was held in abhorrence, as opposed to the teach- 
ings of Holy Writ. Fully conscious, however, of 
the existence of his planets, and finding his opinions 
strtmgthened by the discovery of the phases of 
Venus, nothing could daunt him, though he stood 
alone the champion of true philosophy, the advocate 
and exponent of those truths wliich, in after times, 
were accepted and acknowledged as affording the 
real exjdanation of celestial phenomena. But such 
was the bigotry of the age in which he lived, that 
he had .to use artifice in publishing his opinions ; 
and it was not long before the Church of Rome 
l>ecame alarmed at the new doctrines, for Galileo 
bad thus rendered himself liable to the terrible 
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puniBhments inflicted by the Inquisition on heretics, 
and ultimately he was brought l^fore tibat tribunal, 
and, in his old age, made to forswear and abjure the 
greitt truths, to the elucidation of which his life had 
i>een devoted. 

Galileo’s discovery, 270 years ago, of the sateb 
lites of Jupiter, may well be contrasted with the 
discovery of the moons of Mars in 1877. The 
excitement to which the former incident gave rise, 
and the opposition and incredulity it met with, are 
in gi'eat couti*ast to the simple announcement and 
universal acknowledgment of the recent discovery 
of the Martian satellites. While Galileo’s triumph 
op{>oSed the existing beliefs, and was ill-regarded, 
Professor Hall’s success was at once adopted as 
another link in the chain of harmony connecting 
the celestial orbs, another fact in the develop- 
ment of human knowledge; and while no one is 
sceptical as to the reality of the new planets, all are 
willing to accord the praise due to the fortunate 
author of an important discovery. 

Celestial bodies ai’e not long discovered Wfore 
they have names selected for their appropriation ; 
but it is very curious that the moons of Jupiter 
have no such distinctions. They are siuqily re- 
ferred to as the first (T.), second (II.), third (III.), 
and fourth (IV.) satellites, in tire order of their 
distances from the primary, the imiermost moon 
being called the first. Yet the satellites of Mars 
have already received the classical appellations by 
which they will l>e known in future generations ; 
and those of Saturn and Uranus have been simi- 
larly provided for, though in each case their dis- 
ooveiy was of more recent date, and they cannot 
lay claim to the stime interest and importance as 
are centred in the nameless satellites of Jupiter. 
It ils true that Simon Marius (who is asserted to 
have discovered them on December 29, 1609), 
was the author of a system of nomenclature, in 
which the moons were designated lo, Europa, 
Ganymede, and Callisto, but it was never adopted, 
for the reason that its acceptance might be held 
to indicate an admission of his alleged priority 
of discoveiy. Subsequently the matter seems to 
have la^^sed ; but it must bo admitted that the 
necessity of naming the satellites is avoided by 
the employment of distinguishing numbers, which 
enable them to be severally refen*ed to with as 
mucli convenience as could ijossibly result frem 
the selection of titles from the classical dic- 
tionary. 

The magnitudes and periods of the satellites 
appear to be as follows 



Period 
of Bevolu- 
tio&. 

Diameter 

inMUee. 

Distance 
from 
Jupiter 
in Miles, 

Mean 

apparent 

Diameter. 

I.. 

1 18 28 

2,362 

267,380 

1*02 

11. 

3 13 16 

2,099 

425,156 

091 


7 3 43 

3,436 

678,393 

1*49 

iv. 

19 16 32 

2,929 

1,192,823 

1*27 


Their iDeriods are, therefore, considerably less than 
that of the earth’s moon (27 days 7 hours 43 
minutes), and with the exception of II. they are 
of greater magnitude than our satellite (2,164 
miles). The third satellite of J upiter is by far the 
largest of the four ; his dimensions exceed those of 
the planet Mercury. The first satellite, it will be 
noticed, completes a revolution in 42^ hours, and 
in this short interval goes through all its phases, 
apt)earing as a slender crescent, half-moon, gib- 
bous, full, and then vice vered in the reversed 
illumination. But it is to be noted that the dura- 
tion of a terrestrial day is far greater than that of 
a jovian day, for the latter is less than 10 110111 * 8 , so 
that this moon has really a period exceeding four of 
the brief jovian days. The periods of the other 
satellites are longer, being respectively equal to 
eight, seventeen, and forty jovian days, so that if 
any inliabitants exist on Jupiter they will have 
four lunar months of different durations. 

The satellite orbits are but very slightly inclined 
to the plane of Jupiter’s equator, hence their repid 
revolutions around him originate many eclqises, 
occultations, and occurrences of similar nature, 
which are readily visible in telescoi)es, and the 
observer will know when to look for them by con- 
sulting the “ Nautical Almanac,” which annually 
gives a table and diagrams of all the principal 
phenomena of the satellites. The three inner 
moons undergo “eclipse” in the planet’s shadow 
once in each revolution, but the fourth often evades 
immersion, passing just by the outskirts of the 
umbi*a. “ Occultations” are also of frequent occur- 
rence. This alludes to the imssages of the moons 
behind the globe of Jupiter, which directly intercepts 
them from view. “Transits” of the satellites take 
place as they come into that portion of their orbits 
situated between Jupiter and the earth, when tliey 
are projected upon the disc of their primary, as 
dark or luminous jioiiits, and their shadows are 
generally observed accompanying them as they 
rapidly traverse the line of the Indts, and ulti- 
mately emerge from the planet’s face, regaining 
their former brilliancy as they apparently hang on 
his side. These transits are undoubtedly the moa^ 
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interestdng of the varied aud frequent phenomena 
preaented by the jovian Batellitea The first recorded 
instance of an observation of this kind was in 1658, 
by one of Campani’s old and unwieldy refractoi's. 
The moons, as they enter upon the planet’s easteiii 
limb, appear as bright spots, but as they approach 
mid'transit they are lost in the luminous back- 
ground until, nearing the opposite margin, they 
reappear as before. Sometimes a satellite may be 
followed throughout its entire course across the 
disc, esiiecially when its position coincides with one 
of the dark belts; and even this condition is not 
always necessary, for the satellites now and then 
appear as dark sjwts traversing their pnniaiy. 
Occasionally they will be very faint in individual 
instances; in fact, their relative brightness is 
very inconsistent It is considered that they 
always present the same hemisphere to their 
primary — in this respect offering an analogy to 
our own moon — and, therefore, different sides 
are turned towards us, so that, in effect, we 
are able to discover some features of the jovian 
satellites which are wholly invisible from the sur- 
face of Ju[>iter. That spots of very decided 
intensity are sometimes shown by the moons is 
obvious by the fluctuations in their comimrative 
lustL*e, and by the bict that when in transit they 
have been observed as dark objects, nearly as deep 
in tone as their shadows, crossing at the same time. 
Dawes and Becchi ilistinguished these markings 
with sufficient success to delineate them in the case 
of the third satellite, as in Fig. 6 ; but the objects 
are so distant, and the phenomena so minute, as to 



Fig. 6.— Httrkiugs on Jupiter’s Third Satellite. 

form a crucial test of excellency of eye and tele- 
scope. 

At rare intervals it may happen that a powerful 
instrument, directed towards Jupiter, will fail to 
reveal the ordinary satellites shining by his side. 
To an observer unaware of the explanation, and 
not ex{)Octing so unique a spectacle, the view must 
be v ery astonishing, especially if he has been accus- 
tomed to look at the planet and at the moons invari- 
ably ranged in a line about him. Yet there can be 
no mistake; here is Jupiter with his usual belt- 
scenery, but not the ghost of a satellite. The sky 
on either side of the planet, in which their orbits 


were wont to extend, is dark and utterly void of any 
luminous objects, while the orb of the planet stands 
out boldly — an isolated sphere on the opaque back- 
ground of spaoa Thei'e can be only one explanation 
of so startling and weird an apparition. The moons 
are all rendered tem{K>rarily invisible by a curious 
combination of phenomena : one is eclipsed in the 
shadow cast by the planet, another is occulted by 
his globe, while the two remaining are in front of 
the planet; and, examining the belts with a critical 
glance, the observer will perceive the dark shadows 
of the latter, and jierhaps the moons themselves, 
wending their way along the disc. Continuing to 
watch the planet, he will i^erceive their several I’e- 
appearauces until, an hour or two after the first obser- 
vation, the planet will have regained his customary 
aspect. Seveml instances are recorded in which 
Jupiter has been seen without his satellites; the last 
occasion was on the evening of August 21, 1867^ 
when the writer witnessed the phenomenon with a 
4 J inch refracting telescope. The view of J upiter, 
in its inverted form, is represented in Fig. 7. 

Tlie five black dots projected on the belts south 



Fig. 7.«-Jopit«r without hiB Sutellite*, AugUft 21, 1867, 10.80 p.m. 


of the equator were the shadows of the first, thiixi, 
and fourth satellites, and two of the satellites 
themselves rendered i>erceptible by dark spots on 
their surfaces. Tlxe second satellite was eclipsed 
at the same time. In fact, during the j)eriod 
of IJ hours (10 h, 4 m. to 11 h. 49 m.) the 
planet appeared to be utterly devoid of satel- 
lites. This singular phenomenon, though of con- 
sideiuble rarity, had been witnessed on seveivd 
previous dates, viz,, on November 2, 1681 (O.S.), 
by Molyneux ; by W. Herschcl, on May 23, 1802 ; 
by Wallis, on April 15, 1826 ; and by Dawes, on 
September 27, 1843, who also observed the repe- 
tition of the phenomenon in August, 1 867. 

Apart from the mere fact that the satellites are of 
considerable interest as telescopic objects, and from 
the circumstance that their first discovery formed a 
memorable incident, as upholding the Copemican 
system of the universe, they subserve other import- 
ant purposes; for the eclipses afford a readily 



JUPITER. 


17 / 


available method of determining the longitude ; and 
it must be remembered that the progressive motion 
of light was also first ascertained by the same 
means. In finding the longitude^ an instantaneous 
occurrence, perceptible at the same moment at two 
distant places, may be utilised in deriving the differ- 
ence in longitude of those places, by a comparison 
of the exact times shown by a chronometer at each 
station ; the difference being couvei’ted into degrees 
and minutes, is equal to the discordance in longitude. 
But the eclipses of Jupiter^s satellites, though visible 
simultaneously at every station, having the planet 
abo\ e its horizon, and capable of being accurately 
predicted, yet present difficulties in the solution of 
this problem, for the ol^servations have usually to 
bo made at sea with instruments rendered almost 
unserviceable by the motion of the ship ; and, more- 
over, the eclipses are not instantaneous, so that two 
observers will sometimes disagree as to time ; but, 
in cases wliere absolute accunicy can be dispensed 
with, these pbejiomona are often eligible. The pro- 
gressive motion of liglit liecame evident on compar- 
ing together the predicted and th(5 observed times of 
the eclipses. It was found that they occurred about 
16 minutes earlier when Jupiter occupies that I'egion 
of his orbit nearest to tlie earth than when on the 
farthest side ; and the differences noted at interme- 
diate points exhibited groat regularity, which clearly 
indicated their origin in the varying distance 
separating J upit(?r from the earth, and admitted the 
final discoveiy, that light travelled at the velocity 
of about 1 90,000 miles per second, inasmuch as it 
occupied 16 J minutes in traversing the diameter of 
the earth’s orl)it. 

The satellites apparently present few anomalous 
points for future elucidation. We are already con- 
versant with the chief phenomena to which their 
motions give rise, and can discern enough of their 
minute discs to warrant the conjectur<? that dark ir- 
regular markings exist u|x>n them. But though much 
has been learned of the satellites, it nuist be conceded 
that our knowledge of the siuface of Jupiter is ex- 
tremely limited. The vast changes in the forms of 
the belts are a mystery, and we have little or no 
evidence to show the character of these changes, 
whether they are regularly recurrent after certain 
intervals, or whether they take place indiscrimi- 
nately, without regard to time or position. All 
that has been learned of the visible asj^ect of tlie 
jovian surface is that it exhibits great variety cd 
detail, which appears constantly in an agitated con- 


dition, though some of the peculiarities undoubtedly 
show signs of permanency. TJie aspect of the planet, 
if critically watched and delineated during many suc- 
cessive years, would possibly give appearances indica- 
tive of the nature of the vast disturbances of which 
our telescopes have already i^vealed the traces. 
The formation of the bolts, and theii.' ultimate dis- 
persion, might be recorded throughout their seveml 
stages, and a certain periodicity might be found to 
influence their apparitions, both in nigard to form 
and colour. The surface of Jupiter comes readily 
within the scope of moderately powerful glasses, 
and it will be matter for congratulation, as likely 
to yield results both of interest and value, if ob- 
Hervei*8 make this {)laDet a K|>ecial object of study 
during coming years. The systematic employ- 
ment of a telescope is much to be recommended. 
Many observers use tlieir instruments in the most 
erratic manner, upon every object within range. 
After a careless, cursory glance in one direction, 
the glass is turned towards the opposite point 
of the heavens, to inspect another object with 
equal haste and indecision. This is continued dur- 
ing the whole evening, at the end of which the 
observer is left where he l)egan, with veiy dim con- 
ceptions of what he has seen, though truly there 
has been plenty of variety in his work. It is far 
better for a man to devote himself to the cautious 
and complete examination of a single object, 
thoroughly noting every visible detail, tlien comjjar- 
iug it with what has been pr#»viously recorded, and 
pondering over it, than to employ his telescope with- 
out method or purpose upon every class* of object 
displayed in the sky. The range is so wide, the 
appearances so numerous and diversified, that he is 
most likely to succeed who selects a special brancli 
or object of iiiquhy, and follows it sedulously yeai 
after year. A man coming fi’esh to the subject, and 
simply entering iqwn the work as a pleasurable oc- 
cupation of leisure boui*8, can well be excused any 
systematic endeavours resulting in the monotony 
likely to ensue from the pursuit of one and the 
same object, because his end is already attained. 
Indeed, the indiscriminate use of a tele8Coi>e cannot 
always be condemned as profitless, for an observer 
who has l)een assiduously devoting himself to a 
special line of inquiry will, as he finds it ultimately 
growing wearisome, expf rience renewed interest in 
his favourite study by temporarily entering new 
fields and exploring them foi* a time, finally coming 
back to his particular branch with refreshed energy. 
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HOW A SNOW-FLAKE IS FORMED. 

By Hobbrt Jam£8 Mann, M.D., F.R.C.S., F.R.A.S., etc., 

Sa-^Prsaident qf the Meteorological Society. 

I N a recent paper* hoar>fro6t was spoken of as temperature is below that of freezing water, present 
frozen dew ; as dew-drops ciystallised out into themselves as spicules of ice, instead of as droplets 

ice-needles by the marshalling force of molecular of water. But when water is slowly converted into 






Figt. 1, 2, 8< 4, 5.— Snow Crystals. (After Qlauher.) 


aggregation, when this is to a large extent freed from 
the antagonistic influence of segi^gating repulsion. 
In following out this line of investigation, it will now 
be by no means difiicult to iKjroeive that snow stands 
in the same relation to rain which hoar-frost 
holds in I'egard to dew. It is moisture frozen 
into ice at the insttint that it is condensed out of 
its transparent and invisible state in the air. 

But in the case of the snow, the frozen 
deposit is formed daring free suspension in 
the air, and without any interference from 
contact with solid radiating sui'faces sucli as 
is experienced in the production of hoar-frost* 

The solid particles are consecjuently grouped into 
regular geometrical shapes, which are designed 
by the inherent directive forces of the gathering 


ice without any extraneous or interfering strain 
being brought to bear upon its particles, these are 
first built up into the shape of a needle, or bar, and 
six of these bars are then groujied round a common 







Pig, 9.-— Snow Crystal. 
(Ajfter Qlaieher.) 


, 6, 7, 8.— Snow Crystak. (After Glat«K<r.) 


molecules. Snow foiins in the 
air whenever there is as much 
aqueous vapour as two and a 
half grains in each cubic foot, 
and whenever the temperatui’e 
is depressed as low as 32® 
Fahr. Some part of the sujxir- 
fluous moisture, over and 
alwve that which can still he 


sustained in the invisible state, is then set free, and 
allowed to gather into visible masslets which, as the 
* ‘‘Science for All.” VoL lU., p. 146. 


Figs. 10. 11. 12. 

centre, like the spokes of a wheel, with angular 
intervals of 60® between each contiguous pair of 
8}>okes. In Fig. 1 , this six-spoked crystal of frozen 
water is represented in its simplest and most 
rudimentary form. When snow falls gently in 
still air, six-rayed spangles, exactly like the 
one sketched in the figure, are very often seen. 

Such simple forms as this primary one are 
not, however, the only kind of crystalline 
aggregations that are observed in gently-falling 
snow. If the deposit of the frozen molecules 
is more rapid and more copious, additions of 
a secondary kind are made to the primary rays. 
In the first instance, short needles ai'e added 
to the primary ones, branching out from tliem 
at the same angle of 60^, and producing a figure 
like that shown in Fig. 2. Then the primary 
rays broaden out by snowy wings, or films, 
attached along their side, as repi*e8ented in 
Figs. 3 and 4, until at last tliese fuse themselves 
together into a flat hexagonal plate with six points 
and six sides (Fig. 5) ; all these peculiarities are 
common in falling snow. Sometimes a double 
system of radiation is planned, with intermediate 
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short rays introduced between the longer primary 
ones, as in Fig. 6. 

Compound forms are also found based upon this 
model by the filling in more or less of the interval 
contained between the rays, as instanced in Figs. 

7 and 8. The secondary needles are occasionally 
further branched with tertiary spikelets, which are 
then also fixed on the same typical angle of 60^, as 
in Fig. 9. 

An almost endless diversity of figures, indeed, is 
constructed as the rapidity of deposition varies, and 
as external relations and conditions are changed, 
but in all the same primary type of six rays and of 
hexagonal outKne, which is the fundamental neces- 
sity of the crystallisation of freezing water, is ob- 
served. More than one thousand quite distinct 
kinds of snow crystals have been enumerated and 
descnbed by various observers. One hundred and 
fifty-one were noticed during eight days in the 
months of Februaiy and March, in 1855, by Mr. 
Olaisher, and these have all been carefully drawn 
^ind engraved, and were printed in connection with 
a paper which was attached to the Report of the 
Council of the British Meteorological Society for 
that year, and which is one of the most interesting 
and valuable of the contnbutioiis on the subject of 
anow-ciystals which have ever been made to Science. 
Figs. 10, 11, and 1 2, selexjted, with others of our 
diagrams, from this series, will serve to convey some 
notion of the complexity and beauty of the forms 
which snow crystals sometimes present. 

The nio.st usual condition in which these snow- 
crystals are de|>OBited is that of narrow needles, all 
arranged in one plane, or of thin jdates. But the 
aggregations of the gathering particles are some- 
times made in a more solid form, and grow into 
compact prisms or hexagons. The needles occa- 
sionally bristle out all round from a central spheri- 
cal nucleus. Most complicated and curious figures 
are sometimes com|X)8ed by the super-position of two, 
or occasionally of even more, crystals upon each 
other. The most complicated tiucenes ai*e generally 
produced during the prevalence of extreme degrees 
of cold. The. lightness, regularity, and delicacy of 
the crystallised spangles is, in general terms, in 
proportion to the height of the atmosphere from 
which they descend, and to the opportunity that is 
afforded during the long descent for the molecular 
forces concerned in crystallisation to accomplish 
their work deliberately and without interruption. 
Very perfect snow-crystals are only met with in 
temperate climates u{x>n rare opportunities, and at 
long intervals. But they are of very common 


occurrence in colder climates and more frigid lati- 
tudes. Mr. Glaisher’s beautiful series of figures 
were secured during a few exceptionally lucky days 
of snowfall that occurred in the neighbourhood of 
London between the 8th of February, and the 10th 
of March, in the year 1855. They wei*e represented 
as they appeared to magnifying lenses after they 
had been received gently ui)on chilled fragments of 
yellow glass. Snow lay upon the ground at this time 
uninterruptedly during six weeks. On the 2l8t of 
February the thermometers indicated a ternperatui’e 
of 20®, at the time when some of the most beautiful 
of the crystals were observed. The spangles were 
generally about a tenth part of an inch in dia- 
meter, but in some instances they measui'ed as much 
as three-tenths of aii inch acioss. In ordinary 
snow-flakes several different kinds of crystals are 
confusedly git)uped, and partially fused together 
in consequence of their being whirled about and 
dashed against each other, as they descend through 
iiir strata of varying tem}>eratiire. Under the most 
favourable circumstances the radiated crystals may 
be contemplated both growing, and diminishing 
and altenng their forms. Many of the most 
remarkable figures are produced by the softening 
away of primaiy points and edges during incipient 
dissolution, and by the deposit of amor|)hou8 
accretions upon the primary axes and lines of the 
crystals. 

Very fine and lightly deposited snow occupies 
aljout twenty- four times as much space as water. 
The thickness of an ordinary fall of snow collected 
upon the ground genei-ally represents about as much 
water as would lie in a tenth part of the same 
depth. Ten inches of snow, therefore, coiTespond 
w'ith one inch of rain. The most accurate way, 
however, to estimate the quantity of snow that is 
contained in any fall, is to cut a round cake out of 
the deposit to its full depth by a cylinder of copj)er, 
or tin, of known diameter, and then to measure the 
water that is procured by melting that quantity of 
snow. This at once furnishes a i*eady means of 
comparing the fall of snow with i*ain-fall measurec 
in a rain-gauge possessing a receiving funnel of the 
same diameter as the cylinder. 

The pure white lustre of snow is due to the 
circumstance that all the elementary colours of 
light are blended together in the radiance that is 
thrown off from the surface of its crystals. It is 
quite possible to examine the individual crystals in 
such a way as to detect these several colours before' 
they are mingled together to constitute the com- 
pound impression of whiteness upon the eye. The 



180 


SCIENCE FOB ALL. 


snow is then clothed with all the varied hues of the 
rainbow. The soft whiteness of snow is also in 
some degree referable to tlie large quantity of air 
which is entangled aitiidst the frozen particles. 

The formation of snow recjuii-os that the tem- 
perature of the air shall fall lower than the freezing- 
point of water. But a heavy snow-fall needs tliat 
the air sliall be very moist as well as veiy cold. 
The simultaneous presence of these two conditions 


seen on the tops of the neighbouring mountains in 
tlie season of winter. 

In all latitudes of the earth snow occurs at high 
elevations in the atmosphere, although it may not 
I'each the giound in consequence of its being melted 
as it falls thiough the lower and warmer parts of 
the air (Fig. 13). Even in equinoctial regions of the 
earth it is occasionally formed at an elevation of 
11,000 or 12,000 feet, and if there are mountaina 



Fig. 13.— Sxow-f LAKES JK THE HiaBSB KESIOKf OW THE ATXOIFHKIUB ILLEMIKATED BT DIBBCT SUVSHtVE. 


in the atmosphere does not occur veiy frequently 
in the nortliem hemisphere of the earth, and it is 
for this reason that heavy snow is so rarely 
experienced in the countries of Europe. Snow 
falls very heavily indeed, and often accumulates 
to enormous depths, on the western side of the 
continent of South America in latitudes not far 
exceeding tlie forty-third parallel, and therefore 
corresponding very nearly with the position of 
Rome in the northern hemisphere, because the air 
is there always heavily laden with moisture when 
it sinks to the freezing temperature. Snow is 
scarcely ever seen on the southern coast of Spain. 
It seldom presents itself on any of the low-lying 
valleys or plains of Greece, although it is commonly 


with tops reaching up as high as tliis, they catch 
the snow, instead of allowing it to fall to the warm 
lower regions where it can be melted. It is for 
this reason that there are mountains covered with 
snow all the year round in so many warm latitudes. 
Such mountains reach up into regions 6f the air 
where there is not wamth enough to melt all the 
snow that is deposited upon the summits. Snow 
lies unmelted all the year round at the level of the 
sea within fifteen degi^s of the eai’th's poles : that 
is, in latitudes higher than. 75^. The area oi 
perpetual frost is, however, not included within an 
exact cii'cle traced round the |[K>le. In the northern 
hemisphere it extends a little farther from the pole 
in the direction of the Pacific Ocean than it does 
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towaixlB the Atlantic, and about the meridian of 
Iceland. Thei’e is thus a somewhat irregular frost- 
oap, of something like 1,200 miles across, fixed 
over the poles of the earth. In advancing from 
the outer limit of this polar region of the earth 
towards lower and warmer latitudes, the position 
at which ijerpetual congelation occurs rises higher 
and higher into the air. In 
England it is above the tops 
of the highest mountains. In 
Switzerland it is found at a 
height a little less than 9,000 
feet ; very nearly one-half of 
Mont Blanc is for this reason 
perpetually snow-clad. Perpe- 
tual snow lies at an elevation of 

9.000 feet on the Pyrenees, and 
at 9,600 on the Apennines and 
ujicn Etna. It is found at 

14.000 feet on Ararat, at 15,800 
on the equatorial Andes, and 
at 1 6,500 feet on some imris of 
the Himalayas. The accompany- 
ing view (Fig. 14) represents 
Mont Blanc and its associated 
peaks, with their covering of 
l)er{)etual snow descending some 

7.000 feet below the highest 
summits. . 

The snow, however, which 
lies in this way upon the tops 
of lofty mountains all the year 
round is ])ei’petual only in a 
))articular and limited sense. It 
is not everlasting snow. The 
phrase ** eternal snow,^^ which is occasionally used by 
the poets, is not scientifically correct. No snow is 
eternal or everlasting in the projier sense of these 
words. Snow is always present, but it is not the 
same snow. That which falls upon the highest 
summits of the mountains glides slowly down the 
grooves and valleys of their sides. In the illustra- 
tion (Fig. 14) which represents the mountain system 
of Mont Blanc, snow-fringes, or rather ice-fringes, 
are seen hanging low down into the valley of 
Chamouni, which bounds this grand cluster towards 
the south. It is from amidst these that the vast 
ice-stream, which is known as the Mer-de-Glace, 
descends like a frozen river out of the heart of 
the snow-fields above. These descending streams 
of consolidated snow are spoken of as glacieiu 
Th^ are composed of hard ice at their lower parts, 
and of vast gathering snow-beds al^ve. The hard 


icy state of the frozen mass below ie to some 
extent due to the compression to which it is there 
subjected. The snow clings to the rocky sides of 
the gorges and ravines witli considerable tenacity, 
and it is accordingly squeezed by the weight of the 
masses pi*essing down from above. But altho\igh 
the first result of the pressure is to render the snow 


compact and hard, the ultimate result is of an 
entirely different character. When the pressure 
has increased to a very considerable extent, it 
softens even the hardest ice into a kind of yielding 
paste, which is pushed through the winding grooves 
and narrow gaps, and over resisting obstacles that 
stand in its path. As soon, however, as it is 
released from the sev(?re pressure, tlie softened ice 
returns to its original hard consistence. It is by 
this instnimentality that the hard, rigid ice is 
foreed through curving and rounding channels, and 
along alternately widening and narrowing beds. 
It becomes soft and plastic where it is compres.sed, 
but is brittle and easily worn into gaping fissures 
and cliasms, wherever it is extended instead oi 
being squeezed in. The crevasses,” or cracks, of 
glaciere are always found in those portions of the 
ice-stream where the frozen mass is freed from 



Fig. 14.— Mout BltuiO and its attendant iBloautsius, with tlioir Covering of i>orpetual Bnow. 
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direct pressure, and exposed instead to tensile to the same extent as the ice. There is, therefore, 

strain, such as of necessity occurs in passing down ice which is colder than 32** in contact with water 

steep declivities. at the temperai^ure of 32**. The consequence is 

The first suggestion of this operation of the that the water is immediately re-frozen by the chil- 

softening of ice tinder pressui'e was made by Pro- ling influence of the ice. Dr. Hooker* first pro- 
fessor Faraday in 1850, in consequence of his no- posed tliat this operation should be termed re-gela- 

ticing that whenever two pieces of tliawing ice are tion, or re-freezing, and this very apt and expressive 

pi^essed closely together, they invanably freeze at designation has since been generally adopted by 

the surfaces of contact into one continuous mass, scientific men. It is this peculiar property of ice 

As a matter of fact, the temperature at which of being softened and melted by pressure, and of 



Fig. 16.— TiSS LOWhH x.XTIlEMtTY i)W THE QlaCIEU Of THE BUONE. DESCKMUUO BY THE SlHE UE THE FVRCA PaBB IHtO THE 

Head or the Valley or the Yallaib. with the Kitxr ibbuxmo rsox rr. 


water freezes is altered by strong pi’essure. Greater 
degrees of cold are required to convert it into the 
solid crystalline state when it is strongly compressed, 
than when it is free from such influence. Sir 
William Thomson has shown by direct exiieriments 
that if a mixture of ice and snow is very forcibly 
squeezed it becomes colder and colder as the pres- 
sure is augmented. The heat which is lost from 
the sensible state during this proce.ss is converted 
into the latent and insensible condition. But as 
it is so rendered latent, it is used in turning a 
small portion of the solid ice into liquid water. 
The water, however, is more incomi)ressible than 
the ice ; it is not, therefore, lowered in temperature 


immediately freezing hard again when the pressure 
is removed, which is brought into play in the 
familiar operation of making snowballs. The por- 
tions of snow which are squeezed together by the 
hand become moistened by the direct agency of the 
pressure, and then freeze together into a coherent 
mass when the pressure of the grasp is lessened. 
The snowLtall is, so to speak, a mimic glacier arti* 
ficially manufactured, t 

♦ Now Bir JofKph D. Hooker, late Director of the Bojal 
^.IkirdenB, 4Cew. 

t Bee an interesting experiment illustrating this particular 
property of ice melting under pressure, illustrated in ** Science 
^r All,’* Vol. I., p. 32. Glaciers have been fully described 
ill Vol. I., pp 83- 40; and Vol. II., pp. 181—187, and pp. 287 
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The lower extremities or toes of the glaciers melt 
away in the warm valleys which they finally reach, 
below, and are there turned into streams of tnmning 
water, aa fresh snow is heaped upon the heights 
above. The Arveiron, one of the feeders of the 
river Arve that joins the Rh6ne just below the 
Lake of Geneva, issues in this way from the lower 
end of the Mer-de-Glaoe. The Rh6ne itself takes 
its rise from another glacier of a similar kind, 
which pom’s its frozen mass down a steep descent 
by the side of the Furca pass, at the head of the 
Vallais (Fig. 15). The glacier masses which drape 
the sides of high mountains are thus always wast- 
ing below and increasing above, and the snow masses 
above are as continually sluling down to supply 
the consumption of ice that is taking place below. 
The rate at which the descent of the frozen mass 
is accomplished dejiends upon the rapidity of the 
slope, and the obstacles which it has to overcome in 
its route. But as a general rule it does not exceed 
ten or twelve inches in the day. In some notable 
instances this has been ascertained by dii*ect 
measurement to be about the rate at which the ice 
of the glacier moves. Whenever the ice glides 
along a gentle descent not exceeding an inclination 
of thi’ee degrees, and with a fairly open and un- 
trammelled course, it remains smooth and unbroken. 
But whenever it descends slof^es that are consider- 
ably more abrupt, it tumbles over in a toiTent of 
broken fragments, with huge ci’acks and chasms 
iutersi>er8eil amongst them in the wildest confusion. 
The melting extremities of the glaciers of the Alps 
are generally found at an elevation of between 
2,000 and 3,000 feet above the sea. Until recently, 
one of the glaciei's of Grindelwald was the lowest 
amongst them, and reached quite into the close 
neighbourhood of the gardens and corn-fields of the 
valley. The Gorner glacier, which is one of the 
ice-streams that descend from Monte Rosa, termi- 
nates in a similar way near Zermatt, in a very 
grand form of ice-toe, projecting quite^into a region 
of green vegetation. The lower end of the Rhone 
glacier represented in the last illustration, Fig. 15, 
is hemmed round with verdant herbage and bright 
Nfiowers during the season of the Swiss summer. 

The chief snow-fall uix)n the sides of lofty 
mountains necessarily occurs at, or within, an 
elevation of 9,000 feet above the sea. The average 

—273, and therefore are only slluded to in this place in the most 
general way The following paragraphs of this article, it will 
be observed, relate rather to the physical history of perpetual 
snow, than to the nature and motions of the great ioe-rivers 
formed by it. 


fall in the year at that elevation may be estimated 
at about forty feet of vertical deptii. Upon the 
higher summits of very lofty mountains, such as 
Mont Blanc and Monte Rosa, very much less is 
precipitated, on account of the greater dryness of 
the air at those extreme elevations. The white caps 
of the snow-clad giants are principally preserved 
by the precipitation upon them of a kind of hoar- 
frost, partly condensed out of the clouds, and partly 
derived from the vaiMJui’s that steam up to them 
from the large snow-fields below. The actual depth 
of snow upon the summit of such a mountain os 
Mont Blanc has not yet been ascertained, but it is 
very probable that it does not much exceed ten 
feet. On the lower slopes of such mountains, on 
the other hand, it often accumulates to a depth of 
many hundred feet. Cracks opened out mto the 
ice of some of the^ larger glaciers have been sounded 
to a depth of 700 feet without reaching the bottom 
of the frozen mass. 

The snow which is deposited upon the highest 
j)arts of lofty mountains is very fine and dry. It 
is a kind of snow-dust. This dryness is due to the 
rapidity with which every trace of free water 
escapes in these elevated and rare regions of the 
atmosphere. luimediately below the comparatively 
thin cap of diy snow the broad expanse of deep 
snow begins. But where the one jmsses into the 
other there are generally deep gaps or rents, called 
liergHchrunde^ caused by tlie heavier accumulations 
below tearing themselves asunder fi'om the lighter 
deposits above by the mere influence of weight. 
The surface of the snow on these brood and deep 
siiow-fields assumes the state of small grains about 
the size of hempseod, which are ice within and 
snow without, and which are loosened asunder and 
partially melted by day, but frozen together into 
connected clustei‘8 at night. It is this granular 
surface-snow which constitutes the “fern” or 
“n4v6” of the Swiss mountains. In the lower 
part of the more massive accumulation water perco- 
lates through the upper porous mass, as the surface 
is melted by the sun, and this is then frozen into a 
foundation of firm, solid ice below. This subjacent 
ice-bed increases in thickness in the lower sti*etches 
of the glacier, until at last compact, solid ice only is 
found. It is probable that the compact ice of the 
interior of the large glaciers is always kept at a 
temperature of about 32'^ of Fahrenheit, and there- 
fore in a state ready to undergo the pixKjess of i-e- 
gelation. The fractured masses which are tumbled 
down the more precipitous parts of the glacier bed 
ai*e almost invariably frozen again afterwards into 
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renewed continuity by the oj>eration of this agency. 
To adventurous travellei*s climbing the snow>inoun- 
taius, the ice glacier apjKMii’s to issue from the bimd 
fields of gmnulur snow, or nevt\ 

Professor Tyndall has shown that even compact 
and solid ice is [>riuiarily formetl out of six-rayed 
star-crystals, ^ erv nearly resembling those of snow, 
but with their angles intimately and closely inter- 
laced togethei*. By skilful employment of magnify- 


ing glasses, these can be seen forming ia ice that 
is })egmning to freeze, and they can also be traced, 
by a similar application of optical instruments, in 
clear dense ice that is just beginning to melt. The 
lightness of ice which enables it to swim upon 
water is partly due to the small portions of air 
which get entangled amidst the ice-crystals as 
these ai*e grouped into geometrical forms in tlie act 
of freezing. 


CORAL ISLANDS. 

By Professoh P. Martin Duncan, F.R.S., etc. 


T O the west of the continent of South America 
lies the great sea desert ; and especially west- 
wai'ds of Callao the ocean may be sailed ox er for 
weeks, without a trace of laud being seen. A 
rolling sea, never h^ss than 12,000 feet deep, and a 
blue sky with i\ blazing sun, are the daily and 
monotonous characteristics of some sixty degrees of 
longitude, or of one-sixth part of the cimtmfei*ence 
of the globe. At last a sj)eck is seen in the 
distances Just above the sui*face of the sea, and as it 
is neared the weaves are seen breaking on a glisten- 
ing white shore, \vhieh has a background of dense 
dark foliage and some cocoa-nut trees. Behind, 
there is a still lake, called a lagoon, and it is envi- 
rened by a ring of corresponding beach and woorl. 
No mountain rises in the midst, and the surf thun- 
ders on to the “weather” shore, l>ehind wdiich the 
land rises a little shaiply to the height of a dozen 
feet. To leeward there is less wave, and often 
a lane of water may he seen leading from the 
central lake through the encircling land to the open 
sea. The ship takes soundings as the land is ap- 
proached, but the short, ordinaiy sounding-line 
gives no indication of bottom, even wdthiu a short 
distance of tlie broken water, out of which, rock 
may be s(?en emerging as the waves recoil. This 
circular ring of shore and wooded land, environ- 
ing a placid lake and rising just above the surtace, 
out of a prefoundly deep sea, is a true coral island, 
or atoll (Figs. 1, 2). 

Dana, who is alw'ays full of iv>etry in his descrip- 
tions, tells us that Marakei, one of the prettiest 
coral islands of the Pacific, ‘Mies like a garland 
thrown upon the waters.” It hardly deviates from 
the circular form, and tlie line of vegetation is 
unbroken ; yet in one place there are indications of 
a former [)a8Siige from the lagoon to the oj^en sea. 


Another atoll or coml-island is triangular in outline, 
and its construction is to a certain extent explana- 
tory of the manner in which the land arises frem 
the spji. Thus Tari-Tari, or Pitt’s Island, one of 
the Kiiigsmill group, has the side facing the south- 
east wooded, and there are spots of vei’dure also 
on the south-west. In this last-mentioned side 
there are three large entrances from the sea into 
the lagoon, which is extensive. Now the northern 
sid<) is not land with wood, for what is called a 
reef is there, that is, a long coral rock just sub- 
merged at ebVtide, which is scarcely visible from 
a ship’s deck, excei)t on account of the troubled 
water and the breaking waves on it. This is an 
incomplete atoll, for the northern side is still sub- 
merged, and changes have to occur there which have 
been undergone on the other sides; in fact, laud has to 
be made on the submerged reef. In the smaller coral 
islands, wlien they are completed, the lake or lagoon 
“rests quietly within its circle of palms, hardly 
ruffled by the stoims that madden the surrounding 
ocean” (Fig. 3). But in the southernmost island of 
this group, which is thirty-three miles long, the great 
lake is often rough, although the land and reefs act 
as breakwaters. In the direction of tlie wind, that is 
to say, on the eastern or windward side of the whole, 
there is land ; but on the western side, to leeward, 
there is no land, and only a submerged reef, like 
that of the northern side of Pitt’s Island. Hence 
the lagoon is not strictly environed by land, but it 
is cut off from the sea, on one side, by a reef. One 
of the largest coral islands is in the Paumota 
Archipelago, east and north-east of Tahiti. It is 
Nairsa atoll, or Dean’s Island. Its length is fifty 
miles, and the greatest breadth, including the lii^oon, 
is nineteen miles, so that the whole covers a space on 
the globe nearlv equal to 1,000 square miles. The 
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inland lake or lagoon is a little sea, but it, like all 
lagoons, is very shallow in I'elation to the depth of 
the ocean a few hundred yards off the outer shore. 
Thei'e are only sixteen square miles of habitable 
land — dry land — in all this great ring, which is 
138 miles round, so narrow is the belt of woodland 


and trees exists, the coral still living all around, 
and below the top of the water. 

The coral islands are surrounded by very deep 
sea, and the outer rim or edge of tlie coml reef, 
on to which the first rush of the wave is made, is 
usually part of a precipitous wall of coral growth, 



Fig. l.~A Ck)EAL IStASD OE ATOLL (WhITSUSDAT I8IJLND). 


between the rushing wave without and the quiet 
lagoon within. On the other hand, it has to be 
mentioned that there are some small coral islands, 
where a continuous ring of land bounds a de- 
pressed inland region, thus indicating the foniier 
presence of a lagoon, which is now covered with 
earth and vegetation. 


so that soundings taken a few feet oft' requii*e much 
line. A little fai-ther seawards the quantity of line 
required is much more ; and a mile or two off, the 
profound depths of the ocean exist. Seven niiles 
east of the island of Clermont Tonnero the sounding 
lead ran out to 6,870 feet without reaching bottom, 
and within three-quarters of a mile of the northern 



Pig. 2.~SecTiON OF THE Rim of aw Atolu [AJUr Dana.) 


It appeal's, then, that there are three stages in the 
life of a coral island — that of submerged reef, that 
of a ring of reef an<i land encircling, more or less, a 
lagoon, and that of a spot of land without any inner 
water. In the first part of the history, corals, 
shells, and certain plants with a calcareous or 
carbonate of lime covering, and which are called 
nullipores and corallines, besides the hard parts 
of foraminifera and of worm tulx^s, form the reef. 
In the second, terrestrial vegetation is found ; and 
in the third, a complicated assemblage of plants 
120 


part of this island, the lead at another thmw, after 
running out for awhile, brought up an instant at 
350 fathoms, and then dropped off again, and 
descended to COO fathoms without reaching the 
bottom. A fathom is 6 feet in length. 

At Keeling atoll, at a distance of 2,200 yard: 
from the shore on which the sea was bi'eaking, no 
bottom was found at 7,200 feet. Thus the seaward 
slope of the outer part of the reef is not the same 
in every instance, and in the last example it is 
steeper than the sides of a volcano. At this island 
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tlie 8ea deepens from the edge of the conil reef very 
gradually for a distance of between one and two 
hundred yards to 25 fathoms (150 feet) along a 
kind of 8loi>e, and then the depth increases rapidly, 
the sides of the rock forming an angle of 45^. 
The slope seawards from the edge of the reef in 
most of the islands is great. It is evident that on 
all sides the circular or triangular coral island rises 
out of deep water. 

Between the outer edge of the reef close to the 
deep water, and the white-coloured shore, there is 

a shallow and much- 
worn rock, like a 
submerged platform, 
and it is uncovered 
here and there at 
low tide. It may ex- 
tend a few yards, or 
more than a hun- 
dred, from the shore 
to the brink of the 
ocean depths. It i.s 
called the shore plat- 
form. 

The lagoon or the 

Inland. lake may have one 

(Prom “ Coral Reefs.-) openings 

into it through the reef and island, and is com- 
paratively shallow. Mr. Darwin, who studied 
Keeling atoll ( Fig, 4), writes that there are spaces 
in it from three to four fathoms, and smaller spots 
from eight to ten fathoms, in depth. In the Low 
Archipelago, the lagoons of the atolls have a depth 
of from twenty to thirty fathoms ; and the depth is 
slightly more in the Caroline and Mai’shall islands. 
But in the Maidive atolls the depth is greater, and 
reaches from forty-five to fifty fathoms. 

The land s1o]K 38 gradually to the lagoon, but sharply 
seawards. A Ithough rarely a score of feet above the 
tide, the land has a little cliff-like face, and a narrow 
white l>each-shoi’e at its foot Sloping from this 
beach, which is covered at high tide, is the coral 
or shoi'e platform already noticed, which may be 
occasionally uncovered for a little space, and it 
ends seawards in a number of mounds or in rugged 
points. These rugged projections are rarely un- 
covered, and just beyond this |)oint begins the deep 
water. 

The rugged points and mounds consist almost 
entii'ely of living coral, and the other living things 
which produce limestone rock. The surface of the 
platform, furrowed as it is here and there, and often 
encumbered with great blocks of dead coral, which 



have been cast on to it by the waves, from the 
mounds and points, is for the most part alive with 
coral polypes, sea anemones, sea urchins, and star- 
fishes. The corals form beautiful parterres of 
branching, rounded, fiat, or leafy masses of colour, 
every sjKjt being graced by a polyj)e wdth expanded 
rays, whose colours may be yellow, orange, grey, 
green, gold, and white. Every species has its own . 
colours, and there are many of them on every 
reef. This platform can be examined at low tide, 
when some of it is above water for awhile, but 
even then there is the peril of a large wave 
coming suddenly on to tlie rock and endanger- 
ing the student. Near the mounds and jagged 
jKjints on to which the sea breaks first of all and 
then rushes ovei* the platform up to the beach, 
there ai‘e many kinds of branching oorals, and 
indeed they mostly consist of them and of great 
branches and masses 
which have been 
broken off and stuck 
fast. Each branch 
has branchlets, and 
they are covered 
with polype - stars, 
and those madrepore, 
corals are very 
light, delicate, and 
porous, yet equally 
enduring and strong 
to resist the rush of 
the waves. Wrecked 

often, yet ever grow- of KneUn. Atoii. 

illg, these outside (From Darwin's - Coral Reefs.-) 

corals of the i-eef are constantly broken of! 
and sent along the platform towai'ds the beach 
by the inrush of the waves ; yet, as a mass, 
they withstand the surf and the vast billows, 
and are always striving to increase in bulk, and to 
grow to just beneath the surface of the water. 
They require very pure water, which is highly 
aerated, and they must have a large quantity of 
food. Less conspicuous, but still forming the solid 
and enduring part of the reef, are the dome-shaiTod 
brain corals and their allies. I'hey are solidly 
built, and certainly flourish where the water is the 
least in motion. They are especially the dwellei’S 
in the quiet lagoon. Intermediate in shape and 
solidity between the light and very heavy corals, 
are many which are found on the platform and 
amongst the others, and they are rapid yet strong 
growers. They, and indeed all of the corals of the 
reef, add to its bulk by obtaining carbonate of lime 
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from their food and depositing it within their tex- 
tures, and they all require water free from mud 
and filled with air bubbles and air in solution. 
Their growth has a method in it, which relates to 
their rapid increase in size and strength with a 
commensumte lightness. Were these corals to gix>w 
by simply adding to the thickness of their structures, 
or to their height, they would produce vast blocks 
of solid skeleton of carbonate of lime as hard and 
as heavy as stone. The increase in bulk would bo 
slow, and, on the other hand, the branching comls 
would be unwieldy pillars and offshoots; tliey 
would be thick, solid, and heavy, and would 
offer immense resistance to the rush of the waves. 
The force of the incoming wave and its return, 
would soon snap off the solid pieces, and the growth 
of the remaining stem would bo very slow. But 
the corals grow in a definite manner, in wliich the 
adaptation of their structures to meet the peculiar 
requirements of their life and the opposition of the 
surrounding physical conditions is most evident. 

Every i>olypo, as it increases in size, buds, and 
til us one or more little ones arise from its sides, 
and soon resemble the parent. Those bud in time, 
and so do their descjondauts. Now, as soou as the 
buds attain a very slight height, they liocome united 
to the parent, and to one another, by cross pieces 
of skeleton, whicli I’osomble a set of floors, one 
over the other, with intenuodiato uprights ; in fact, 
a great cellular structure envelops the grow- 
ing corals, the spaces being empty. Lightness, 
strength, and rapidity of growth are thus pro- 
duced. The weight of the coral is distributed over 
the largest |X)ssible extent of stony surface. All 
this suhstanoo consists of carbonate of lime and 
a veiy small proportion of phosphate of lime, some 
magnesia, and organic matters. The sea anemones 
do not produce carbonate of lime, but the other 
inhabitants of the reef do, and, besides those 
already mentioned, there are several others which 
are very important in this resj)ect. 

On many parts of the reefs, where 3oral does not 
grow, the surface of the rock and platform is covered 
with layers and nodules of a brilliant scarlet or white 
substance, which, under a low magnifying power, 
is seen to be made up of a vast number of small 
cells. It is a vegetable called the Nullipore, and if 
it be placed in weak acid and water, the carbonate 
of lime is dissolved and the microscopic peculiari- 
ties of a simple plant are shown. Besides these 
there are vast numbers of other calcareous plants, 
called corallines, growing in nooks and corners, and 
great niunbers of shells, living and dead, are about 


the reefs. Some reefs, especially to the north-east of 
Australia, are {mrtly composed of myriads of flat 
discs, beautifully cellular under the microscope, and 
called Orbitolites, belonging to the division of the 
Protozoa called Foraminifera ; ami others are com- 
posed largely of the hard calcareous tubes of worms 
besides coral. 

Thero are always lai'ge patches on the platforms 
whore there is nothing living, but the rock thus 
exposed, if the sand and mud be scraped off, is seen 
to be made up of dead coral ; and, according to the 
size of the reef and the intensity of the prevailing 
winds, so is the platform covered here and there 
with huge blocks of dead coral. These, standing 
above tlie platform level, have been tom from the 
outer edge of the i*eef by the force of the waves, and 
have been hurled in towards the shore, bruising and 
often destroying the delicate polypes over wliich they 
passed. Tliey collect sooner or later, being much 
worn in the process, just at the foot of the low land 
cliff, which Ls covered only by high tides, and a low 
tide hjaves some inches of water for them to stand 
in. “On moving these masses,” writes Dana, 

“ wliich generally rest on their projecting angles, 
and have an ojien space beneath, the waters at once 
become alive with fish, shi’imps and crabs escaping 
from their clisturlHjd shelter ; and beneath appear 
various Actinia^ or living flowers (Sea Anemones), 
the spiny echini and sluggish b^che-de-mer (holo- 
thuria*), while swarms of shells, having a soldier- 
crab for their tenant, walk off’ with unusual life and 
stateliness. Moroover, delicate corallines, Ascidioe, 
and spniges, tint witli lovely shades of rod, green, 
and pink the under surface of the block of eorol 
which had formed the roof of the little grotto.” 
Some of these masses of coral are so large that they 
become fixed to the platform before the waves have 
power to roll them up to the beach. They may 
measure six or more feet in height; and their weight 
and a peculiar process of consolidation, which will 
be notice*! further on, tend to unite them with the 
surface of the coi*al on which they rest. Some get 
worn by the waves and the air, and assume the 
shape of mushrooms, or great balls fixed on a stalk. 
So vast are these blocks on some reefs, that they 
measure a thousand cubic feet and more. The 
result of their wearing by the rush of the sea, and 
of the crumbling effect of the sun and air, is to pro- 
duce considerable quantities of pieces which get 
rolled into i^ebbles, and much white sand is pro- 
duced. The [lebbles and sand, of course, consist of 
carbonate of lime, the material of the coral. Some of 
the sand is washed away into deep water, but more 
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of it is carried gmiiially with the pebbles, and cast 
high and dry on the beach. These great blocks and 
the pebbles and sand, produced by the wreckage of 
the reef, and canned inwards, are of groat impor- 
tance, for they form the foundations of tlie land of 
the coral island, which is raised, as it were, on and 
at the expense of the reef. Year after year the 
winds and waves carry blocks beyond the reach 
of the sea, and they become piled up one over 
the other, the heap sloping towards the lag(K)n, 
and having more or less of a cliff of a few feet 
seawards. The cliff is produced by the everhusting 
wear of the blocks, and their seaward face is worn 
into sand, mud, and j>ebblos, which collect on the 
beach at its foot. Tills beach is very remarkable in 
its construction, and is of great intei’est to geolo- 
gists, for it affords an explanation of the manner in 
which many ancient deposits accumulated. It is 
usually remark ibly white in colour, and this tint 
contrasts singuLiily with th3 green of the foliage on 
the top of the low cliff close by. It consists partly of 
waifs and strays, such as cral>shells, fish-bones, 
and sea shells, all much worn and i*ollcd, and mainly 
of worn pieces and grains of sand, the result of the 
rolling about of coral. This sandy beach is exposed 
to the tiile, and when that is low, to the action of 
a hot siin, and it thus becomes wet, and dry and hot, 
undeigoiug alterations cheniically and physically. 
The water of the sea dissolves some carbonate of lime, 
and this is deposited and hardens among the giuins 
of sand and little fragnumts, uniting them together. 
Thus the cellular parts of the coral jicbbles get filled 
up with all sorts of minute calcareous particles, the 
whole being cemented by the added carbonate of 
lime. After a while, the deeper layers of the 
beach sand unite and form a solid limestone, and 
the |)ebbles collect together, and are united into a 
kind of plum-pudding ” stone, or conglomeiute. 
But the most interesting change is that which 
produces, in the beach sand, the appearance of such 
rocks as are called Oolites by geologists. A small 
particle of coral, ora foramiuifer, gets covered with 
sea-water,, which dejxisits a film of carbonate of 
lime around it. The little mass ro\h about, collects 
minute grains upon it, and is again coatel, and the 
process being rejieated several times, a little globu- 
lar mass results, so that a number of them resembles 
the roe of a fish in shape. These egg-like stones, 
or Oolites, become agglutinated, and form limestones. 
In some coral islands the sand of the beach is so 
plentiful, and the winds are so strong, that it is 
carried on to the face of the cliff and on to the top 
of it^ so that the vegetation and sand struggle for 


place. The sand is, of course, made up of carbonate 
of lime, and as the spray of the sea reaches it and 
waves sometimes dash on to it, a deposit of cement- 
ing substance occurs, and finally a limestone is 
produced which adds, in the long run, to the bulk 
and height of the land. 

Beyond the submerged jdatform with its living 
corals, and farther in than the white beach of coral 
sand and its blocks, rises the low clifl‘ which bounds 
seawards the narrow and low land of the coral 
island. This land, in tlnr first instance, wiis a con- 
fused heap of blocks of dead coral, which years of 
wave-toil had cast up high and dry above the beach ; 
and this confused arrangement of large and small 
masses of rock can sometimes be detected even when 
vegetation has grown on the top of all. Angular 
pieces of coral, cemented together by carbonate of 
lime, and piled up in the greatest confusion, and 
blackened by exposure, and by encrusting lichens, 
form the bulk of the foundation of the soil, which, 
in after years, collects slowly enough. Its formation 
is assisted by the blowing in, amongst the blocks, 
of the coral sand, and by the consolidation of the 
whole by the (jffects of rain-water and sea-spray ; 
so that solid rock fills up the cracks and crannies, 
and a strong, hard formation is produced. 

The earliest vegetation occura on the top of the 
new land, and Dana states that after the coral sand 
has found lodgment amongst the blocks, some 
seeds come to the land and take root, and Vines, 
Purslane, and a fev;^ shrubs begin to grow, re- 
lieving the scene, by their green leaves, of much 
of its desolate aspect. Still the land is low, and 
furious gales and stormy seas now and then cast 
blocks on to it, so that even when trees have 
grown, and a considerable amount of soil has been 
produced, many large blocks of coral may be seen 
black amongst the green foliage. The soil has 
but slight depth, although the land may be covered 
with vegetation, and it is in fact mainly formed by 
coral sand, there being but little mould, which is 
the result of the decomposition of plants and of 
the leavings of birds. 

On the side of this new land, remote from the 
encircling sea, is a slope which leads to the lagoon, 
and it ends in a muddy or sandy beach, with coral 
growing, here and there, below the tide mark. The 
sea in the lagoon is often rough, although the land 
and reef act as a breakwater; and when these 
inland dakes are very large, the sea breaks with 
force on these shores, and forms a platform which 
is on a level with that on the seaward side of the 
island. The lagoon platform is usually more sub- 
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merged than the other, and is covered with mus- 
sive growing corals, and it drops down suddenly 
into the depths of the inland lake, amidst a foi’est 
of corals, down to a bottom of sand. On some small 
islands the lagoon shore is a plastic mud, the result 
of the wear and attrition of coral sand, and of the 
digested matters of the myriads of living things 
which prey upon the coral. It is this fine mud 
which chokes up the lagoons, in some instances, and 
forms the subsoil of the low inner district already 
noticed to exist in some coral islands. 

A perfect coral island, or a completed atoll, is 
a little paradise in the midst of the turbulent 
ocean, and its still lagoon, green luiclerwood, and 
groves of tall trees contrast with the wild waste 
of sui-f and wave around. It is not every Coral 
island that has a aliady woodland, but some have 
cocoa-nut trees, sci’ew pines with their sword- 
shaped leaves, great Pisoiiias rising up to a height 
of 40 feet, and having a handsome foliage and large 
and beautiful flowers, and Purslanes and Borages. 
A fleshy sea-plaiit grows close to the shore, and 
the flora (or collection of plants), us a whole, is small 
ill number, but striking. Most of the seeds have 
beensea-liorue, or carried by birds accidentally; but 
man, savage and civilised, has introduced the Cocoar 
nut, the Banana, and the Bread-fruit, A few fems, 
Heliotropes, and Euphorbias add to the lieauty of 
the original vegetation of the coral island, which 
usually does not contain many kinds of plants. 
Birds abound, and here and then? a reptile, but 
there are no native quadruiieds. 

As the coral island is made up of the wreckage 
of the growing coral of the recjf, which is, as it 
were, its foundation, it can only exist in those 
parts of the world were coral can gi'ow easily and 
luxuriantly. It has been stated that the islands 
stand in very deej) water, and that whilst the living 
coral struggles to live just under the wave, so the 
land is not more than from 12 to 20 feet out of water. 
Now, Mr. Darwin and all subsequent^ investigators 
have shown that the reef-building corals cannot 
flourish, and in most instances cannot live, at a 
greater depth than 20 fathoms. They require a 
certain temperature of sea-water, and although 
they live in water at the surface of the ocean, 
which has a temjmrature of from 68*" to nearly 
80® Fohr., the slight diminution in tem|>erature at 
a depth of 120 feet, with a diminishing quantity of 
food, prevents their development there. Moreover, 
the corals die if much sediment exists in the water. 
A deep sea, remote from large land surfaces, where 
the sun^s heat is great, or where there are wann 
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cuiTents at the surface, is the homo of the coral 
island, and it forms an irregular belt ou both sides 
of the equator in the Pacific and Indian Oceans. 
About 20® north and south of the equator, will 
include the coml islands of those oceans. In the 
Atlantic the Bermudas are more than 30^ north of 
the equator, but the warm waters of the Gulf 
Stream enliven their coral growth. It is evident 
that as the water is very cold on the floor of the 
ocean, th<i coral reef cannot originate there and gi ow 
upwards for 12,000 and more feet, to the surface. 
Gro'^tiug not ^t a greater depth than 120 fe(»t, it 
might be supposed that the coral commenced its 
life on the top of a submerged mountain, and grew 
up in its curious ring-shape to the surface. But 
this simpler explanation will not satisfy other con- 
siderations. Thus it has luqqieued during the great 
movements of the earth’s crust that coral islands 
have been bodily raised, r^ef and all, out of the sea, 
to form high land, and the geologist has found 
much more than 120 feet of coral substance all 
turned into limestone rock. It is clear that, if 
this coral originated on a submerged mountain and 
grew upwards 120 feet, the inounUiin must liave 
sunken down sul)He(juently, and that a corresjiond- 
ing upward growth of cond has taken jdace. 1'Jie 
thickness of the coral limestone could be explained 
iu that manner. That there is truth in this will 
be noticed if the other considerations bo enter- 
tained. 

Tims, there ai'o many islands in the Pacific and 
Indian Oceans where a mountain or a lauge of 
hills, dales, and plains stands up in very dee[) water 
all covei*ed with verdure. They are made up of 
many kinds of rock, earth, and stem?, and not of 
coi’al. But where the sea washes the shore, there is 
a low shelving l>each just under water, which is mode 
up of living and dead coral. Deej) water exists 
whero this platform ends seawards, and where the 
rapidly-gi’owing madropores come close up to the 
surface. This reef of coral encirch‘s the islands 
except where sti*eam8 and rivei's enter tlio sea, and 
living coral is got by dredging at a deptli of 120 
feet. Such a reef is called a fringing reef. 

There are other islands in which the centi^al 
mountain is not so tall, and there is only a little 
coral growth attached to them. But all around, at a 
distance of four or five hundred yards to some miles, 
is a belt of calm water, and beyoml those distances 
the sea is seen to break on a great natural broak- 
water or coral reef. This coral reef often has laud 
on it, the product of the same causes which produce 
tlie ooral island. It stands iu deep water, and within 
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its circle are the central mountain and the belt of 
shallow water representing the lagoon of the atoll. 
Tills is called a barrier reef, and although living 
coral exists on its seaward face at a depth of 
120 feet only, dead coital is found at a greater depth. 

In fact, the examination of the fringing i*eef, and 
then of the barrier reef, liaving the peculiar con- 
struction of the atoll and coral island in view, leads 
to the l>elief that they are all jmrts of one great 
natural event 

No mountain can be fashioned under the sea, for 
the peaks and the abrujit slojies are the resiilt of 
the denuding action of cold, he^it, the sun, the air, 
and moisture. The depths of the sea are still, and 
deiK)8ition goes on there. Tlie long lines of partly- 
submerged mountains of tlie great ocean* once 
formed tht^ l>oimdaries of continents, and their con- 
sideration involves the key to tlie comprehension 
of the histoiT of the coral island. Subsidence on a 
grand scale has taken place, and the sea has invaded 
the land, and the coral island situated on a sub* 
merged mountain top is its memorial monument. 


Taking a partly submerged mountain as the 
commencement of the story, a fringe of coral grew 
around its slopes from 120 feet up to the sui*face of 
tlie sea. Slow subsidence progressed, and as the 
supporting land sank, the coral grew stmightly up- 
wards. After a while tlie slo|)e of the mountain, 
between the fringing reef and the now much 
sunken hill, became occupied by water, and the 
original fringing reef became a barrier. Still sink- 
ing, the mountain-top disappeared, and still grow- 
ing up wal’d, the coml overcame to the surface as an 
encircling reef, a lagoon fiiuilly replacing the l>elt of 
water and the mountain top. Then the atoll was 
completed. 

If this process of subsidence persists, the reef ever 
gi’owing upwards, and the coml dying as it descends 
below 120 feet, the coral mass will Ttiecome thicker 
and thicker. But if, after a while, subsidence ceases, 
the wi’eckage of the coral will be cast up by the 
waves and the foundations of the coral island 
laid. Then vegetation commences, bii’ds visit the 
new land, and finally man occupies it. 


THE PHILOSOPHY OF A GLANCE. 

By William Ackhovd, Fellow of the Inktitute of Chemistry, eto. 


O NCE on a time a young student was busy at 
work ill the Royal Society’s Rooms at Bur- 
lington House, learning, by aid of the volumes 
which surrounded him, what had been done in bis 
pariicular comer of science. For horn’s he was 
|>oriug over the liooks and making notes, when 
sudilenly, on lifting up hLs eyes, he found the glaucf? 
of Newton fixe<l full mion him ! Well, there was 
nothing in this, it was only the glance of a picture ; 
but lie perceived later on that, no matter what part 
of the room he was in, the seer’s eyes still looked 
down approvingly on him. Would the gi’eat mva7ii 
presently step out Ixidily from the frame, and invest 
this young aspirant with his mantle 1 The student 
in question never thought it ; he more sensibly con- 
cluded that here there was a curious phenomenon, 
which was quite explicable, and the explanation he 
found in one of the works of the late Sir David 
Brewster, f He thus speaks of the phenomenon : — 
This curious fact has often been skilfully employed 
by the novelist, in alarming the fears or exciting 
the courage of his hero. On returning to the hall 

• ‘‘Science for All,” Vol. n., p. 320. 
t “ Letters on Natural Magic,” pp. 117*8. 


of his ancestors, liis attention is powerfully fixed on 
the grim portraits which siin’ound him. The jiarts 
which they have res[>ectively performed in the 
family history rise to his mind ; his own actions, 
whether good or evil, am called up in contrast, and as 
the preserver or the destroyer of his line, he stands 
as it woiTj in judgment befom them. His imagina- 
tion, thus excited by conflicting feelings, transfers 
a sort of vitality to the canvas, and if the personages 
do not ‘ start from their frames,’ they will at least 
bend upon liim their frowns or their approbation. 
It is in vain that he tries to evade their scrutiny. 
Wherever he goes, their eyes eagerly pursue him ; 
they will seem even to look at him over their 
shoulders, and he will find it impossible to shim their 
gaze but by quitting the apartment.” We cannot 
do better than give Brewster’s explanation : — “ Let 
us suppose a portrait with its face and its eyes 
directed straight in front so as to look at the sj>eo- 
tator. Let a straight line be drawn through the 
tip of the nose, and half-way Iwtween the eyes, 
which we shall call the middle line. On each side 
of this middle line there will be the same breadth 
of head, of cheek, and of neck, and each iris will be 
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in the middle of the whole of the eye. If we now 
go to one side, the apparent horizontal breadth of 
every part of the head and face will be diminished, 
but the parts on each side of tlie middle line will be 
diminished equally ; and at any position, however 
oblique, there will be the same breadth of face on 



Fiff. 1.0 Diagram ahowmg tho Poaition of the Straight Muades 
of the Byej Bap., Superior Eeotus; In/., laferior Bootus; Itif., 
Internal Beotui* ; E.rt„ External Beotua ; 0 , Optic Nerre. 

each side of the middle line, and the iris will be in 
the centre of the whole of the eyeball, so that the 
portrait preserves all the characters of a figure 
looking at the spectator, and must necessarily do so 
wherever he stands.” 

8o much for the glance of a man on canvas. 
Now, in the real man, or any living object, one can 
generally tell in what direction the glance is turned 
by the appearance of “ the whites.” In a person 
looking full at anything, the pupil occupies the 
centre of the eye, and if he still look at the same 
object with the face turned a little to one side, the 
pupil no longer apjiears in the centre, more white 
being seen on one side t)f it than on the other. It 
is a I'emarkable fact, however, that in the direct 
glance considerable misconception may arise. A 
guilty student often tJiiiiks the eyes of his pro- 
fessor ai*e fixed full upon him when in reality they 
ai’e turned towai*ds some person two or three places 
to the right or hift. This peculiarity, as we have 
just seen, is strikingly observed in pictures. 

A moment’s thought is not necessary to see how 
inconvenient it would be for one to lack the nieaas of 
turning the eyes about; and as we learn more particu- 
lars of these movements, we shall find that mobility 
of the eyes is absolutely necessary for the puriioses 
of distinct vision. Were the eyes fixed, as in a waxen 
figure, we should have an exception to Nature’s 
geneml law — that c^very organ is admirably fitted 
for the end it is designed to subserve — and accord- 
ingly we find that an eyeball is worked by many 
muscles. It has a muscle to turn it heavenwards, 
one to turn it earthwards, another to turn it to the 
right, and one to turn it to the left, besides two 
more muscles of somewhat complicated action — 
six outside muscles, in all, for one eye, and twelve 


to work the pair of eyes. By outside we liere mean, 
exterior to the eyeball. In the absence of a dis- 
sected eye, an idea of the positions of these muscles 
may be obtained from a rough model (Fig. 1). Let 
a small ball of worsted represent the eyeball. A 
plug of pajKjr 0 inserted a little to one side of 
the axial orifice will represent the optic nerve, and 
four strips of paper attached by pins, one at the 
top, another directly under it, ajid two at oi)po8ite 
|)oints midway between these, will represent wliat 
are called the straight or recti muscles. It will bo 
seen, therefore, that these muscles are attached to a 
zone of the eye which divides the front from the 
back part, and at their other ends they are fixed 
very near where the optic nerve leaves the socket 
on its way to tho brain. When any one of these 
muscles contracts, it has the same effect on the eye- 
ball as pulling one of the jmper strips has on our 
model. The top muscle is called the superior 
rectus ; the bottom muscle, the inferior rectus ; the 
muscle on the nasal side of the eyeball is the in- 
ternal rectus, and the remaining one the external 
rectus. When one looks upwards, the sui^erior recti 
muscles are used; in glancing downwards, the 
inferior recti muscles are brought into play ; and 
upon turning the eyes to look towards the right 
hand, the internal rectus of the left eye, and tluj 
external rectus of the light tiye are botli useil 
together. Tn that rolling of the eyes so much 
affected by “negi'o” minstrels, we have, of course, 
a combined action of these straight muscles. 

The axis of a body is a line with respect to which 
its parts ai'e symmetrical, so that the axis of the 
eye is an imaginary line [massing through the centres 
of the cornea, lens, and eyeball. This line is 
generally called the axis. The action of 

these stmight muscles is therefore to alter the 
direction of the axe.s of the eyes as may bt* 
required at any moment for the convenience of 
vision. When we make these axes coiiveige u[K)n 
a near object placed in fi*ont of us, we may, by 
bringing the body nearer and nearer, get a degree 
of convergence that becomes a decided squint. The 
reader will see, therefore, that in squinting we 
make an undue use of the intinnal straight muscles. 

We have said that there are six outsule muscles 
to each eye ; four we have described, the I'emaining 
two are called oblique nniscles, and they ai’e em- 
ployed to turn the eye on its axis, to make it rotate^ 
consequently they are fixed in a different way from 
the recti muscles. Think for a moment how a top 
is turned : we have string wound round it which 
we pull ; so, in like manner, one of these oblique 
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muscles is pai*tly wound round tlie eyeball, and the 
other is iixed in a more complicated manner ; suffice 
it to my that their genei’al action is to rotate the 
eyes on their axes. This takes place unconsciously 
to ourselves whenever we incline the head to one 
side or tlie other, and we have in these muscles a 
natural device for preserving that constancy of 
|>osition, which we see effected artificially in the 
hearings of a ship’s compass. 

We al^* now roughly acquainted with the external 
mechanisin of the eye, and we say “ roughly ” pur- 
posely, for we have not stayed to inquire into the 
nature of these straight muscles, whence they receive 
their commands to contract, and how the message is 
conveyed to them; and we must i>as8 on to consider 
1 



F rr. 2.— IlluBtrating How the Posdtlon of the Screen («) has to be altered with different Poaitions 
of the Candle (o), to keep a i>erf€m Itnagre on tbe Screen. 

a curious difficulty which presents itself in further 
studying the phenomena of vision. How comes it 
that we see an object a mile away on a clear day 
as well, so far as its general form is concerned, as 
we can when it is only ii few yards off? Because a 
very simple ext)eriment makes it quite apparent 
that if the inside parts of the eye were rigidly fixed, 
the image in one case would l>e much more indis- 
tinct than in the other. Ijet us see this experi- 
mentally. Take a plain caraffe (/, Fig. 2, I.), filled 
with water, and place a candle c on one side of it, 
say a foot away. Now adjust the distance of a 
I)ai)er screen s held by a book b on the other 
side, so that a perfect image i of tlie inverted 
candle is seen on it. Try now the effect of altering 
the distance of the candle from the flask, taking it 
sjiy severnl feet away (Fig. 2, IT.). Tlie image on 
the .scr’een is fio longer distinct, and to make it so 
we have to move the sheet of j[>ar»er towards the 


flask to a netirer position. In the eye the crystal* 
line lens forms the image, and the retina answers 
the part of a screen. Is the retina a movable 
screen 1 When I transfer my gaze from the home- 
stead a hundred yards away to one a couple of 
miles off, do I unconsciously shift the position of 
my retina towards the lens ? The images in each 
case are perfectly distinct, but it seems exceedingly 
unlikely that this distinctness is obtained by a 
shifting of the retina, for we know that tlie eyeball 
is closely stuffed with a jelly-like substance, and 
is not unlike the golden ball filled with water, 
and closed at every point, that was used by the 
Florentine wise men, to ascertain whether water 
was compressible ; and just as these savam found, 

on compressing their 
ball, tliat water oozed 
out, so it is not 
improbable that we 
should find here that 
the required displace- 
ment of the back of 
the eye would cause 
its contents to exude. 
Movement of the re- 
tina is therefore out 
of the question in 
seeking for an ex- 
jilanation of this phe- 
nomenon ; equally 
absurd would it be 
to suppose that the 
lens is bodily shifted. 
Tlie solution of the 
problem may be ascerfained in a veiy simple 
manner. On the front of our flask will be seen 
an upright image of the candle r\ and an in- 
verted image appears at the back r* ; similarly 
two images are reflected by the crystalline lens, 
onei upright from the first surface, and a second 
inverted, which is reflected internally from its back 
surface. Now if a taper be held sufficiently near 
to the eye these two images may be seen by a 
person properly placed, and likewise a third upright 
image which is reflected from the front of the 
cornea. The middle image alters its position with 
respect to the other two every time the person 
l)eing experimented upon transfers his attention 
from a near to a distant object, or from a distant 
to a* near object. We can interpret this expeii- 
ment only in one way : it tells us that the lens 
alters its form by making its front surface more or 
less convex, and by this means a perfect image is 
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produced on the retina, whether the thing gazed at 
be far off or near. This change in the crystalline 
lens seems to be effected by means of a peculiar 
muscle, ring-shaped, and concentric with the iris. 
The outer edge of this ciliary muscle, as it is called, 
is attached to the same portion of the cornea as the 
inner margin of the iris (Fig. 1, p. 111). Whenever 
we look at a very near object, we contract this 
muscle, which so acts upon the attachments of the 
lens as to allow it to become more convex on its 
front surface ; instantly the glance is transferred to 
a distant object, the ciliary muscle ceases to contract, 
and the lens is now pulled by its attachments into a 
flatter form. This device enables us, without being 
aware of it, to bring pictures of external bodies, 
whether far off or near, perfectly on to the retiim 
without tluj retinal membrane having to alter its 
position. That tlie eyes have to be focussed for 
objects at different distances is very evident in the 
following simi)le experiment. Stick two stock- 
ing needles perpendicularly into a piece of 
wood, and about nine inches from each other. 

Now rtigard the first one at a distance of 
another nine inches with the eye nearly in the 
same straight lino as the two. By no means 
can t)oth these needles be sei-m distinctly to- 
gether. If the near one be seen distinctly, the 
far one appears double ; and, vice versd^ if the 
far one l)e gazed at i)iirticularly, a double imago 
of the near one is observed. The needles 
seen in these double images appear blurred 
and intlistinct. Moreover, in repeatedly bring- 
ing them into view a sense of effort is experienced. 

^riie focussing of the eye has doubtless something 
to do with the perception of distance ; for a certain 
state of the ciliary muscle and lens must always be 
associatecl with the idea of distance, whilst a certain 
other state will never fail to be an index of near- 
ness. And many other facta co-operate with these 
to give us a more or less perfect perception of 
distance, a very important one being tlie size of the 
image on the retina ; for just as, in the course of our 
experiments with the water-flask, we shall have 
noticed that the size of the image on the screen 
becomes Jess and less the f^vrther we take the 
candle away (Fig. 2, i. and ii.), so, in like manner, 
the greater the distance becomes of an object from 
the observer, the less is the image projected on to 
the retina. Moreover, if the object remain the 
Same, the gi'eater the area of retina which it affects, 
the nearer we judge it to be to us ; and conversely, 
tlie less the area of retinal nerve-matter it covers, 
the farther off we think it is. Another important 
121 


element in the perception of distance is the use of 
the outside eye-muscles ; for in looking at netir 
objects, as the reader already knows, we contract 
the internal recti muscles, and tliis action we come 
to associate with an idea of short distance, and the 
less the amount of action the farther off we think 
things ore, so that when the eyes are directed 
to a far-off object the very fact of our not hav- 
ing to use the recti muscles much in converg- 
ing the axes of the eyes, gives us the impres- 
sion that the thing we are staring at is a long 
distance away. An act of the mind alone, however, 
calling uj)on past experience, may give one the idea 
of nearness or distance. All parts of A (Fig. 3) 
are evidently in the same plane, but the inner 
square apjHiars farther ofi' or nearer than the outside 
or marginal square, just as I have a mind to think 
it. If I think the inner S(]ua1[*e farther away, I 
unconsciously call up its resemblance to a room 


with a square wall at the end, and the floor, ceiling 
and two sides sloping towards it ; on the other hand, 
if I think the inner square is nearer to me, it k 
because I am thinking I am looking down on a 
pymraid with its top cut off. The source of the 
effect in each case are the con-v'erging lines which join 
the corners of the two sq\iares. No effort of mind 
can remove the impression that in b (Fig. 3), the 
inner square is in the some plane as the outside 
square. Yet the squares in b are of precisely the 
same size as the squares iii A, only instead of con- 
verging lines joining the* corners we have lines 
parallel to the sides, which bring up the idea of a 
wall with a square hole in it ; and our past exjw- 
rience tells us that the wall and the hole aix^ in- 
variably in the same plane. Such ideas are a source 
of annoyance sometimes to geometricians, for in the 
complex figures they are studying, angles which 
ought to api)ear receding seem to be projecting ; 
and, on the contrary, angles that ought to be pro- 
jecting will ]>ersi8t in appearing as though they were 
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receding. In Fig. 4 the angle a will appear either 
neai*er than b or ftirther away than it, just as one 
i*egai‘ds the figui*e as leiining forward and a little to 
the right, or as leaning backwards and a little to 
the right. The reader may have a difficulty at 
first in realising this ; let 
liim theix}foi*e fix his eye 
on the point ho wishes to 
seem nearest, whether a 
or B, and regard this as a 
projecting solid angle ; 
this done, the other jiarts 
will api^ear in unison 
it- Kvery of 
the figure being in the 
same plane, it is evident that no muscles of the eye 
are conc(*rned in this action ; it is a mental opera- 
tion pine and simple. 

Putting these illusions on one side, our ideas of 
distance are founded largely on variation in size 
of the retinal image, and on muscular sensation. 
The artist, when sketching a scene wherein there 
are many objects of the same size at various dis- 
tances, j)uts them of different sizes in his sketch, 
and ill onler that distance may be accurately ex- 
pi'essed, he ascertains the relative amount of H{>ac*e 
they must cover, by (urijiloying 
the simple device of measuring 
tlieir relative lengths and breadths 
by means of Jiis jieiicil extimded 
at arm s length. If he bt^ using 
the brush alone he fails not, ac- 
coixliiig to well-known rules of 
his art, to give impressions of 
nearness and distance by means of 
Ins colours, putting a fair proportion of warm red in 
the foreground, and of cold misty blue in the back. 
Fit)in a consideration of such artistic practices, 
Prof. B. P. Thompson lias ipiite recently come to 
the conclusion, on physical grounds, that the 
chromatic abermtion of th<3 eye accounts for the 
univei*sal opinion of painters as to the “ retiring ” 
character of blue, and the advancing” character 
of red tints. Let us cursorily examine these 
grounds of l>elief. As a result of the chromatic 
aljerration of the eye w^e know all rays are not 
brought to a focus in the same plane. If the rays 
r r (Fig. 5) liie blue, they are brouglit to a focus 
at i ; if they be red they are brought to a focus at 
i. Supj)Ose then we were to look at a |>oint of 
light, such as a silvered button in the sunlight, 
thvougli a piiqde solution of pv^rmanganate of 
potash, this button would appear either red or 


bluish-violet, according as the eye was adjusted 
for the imago i', or t. It is, moreover, evident 
that there would be a difference in the amount of 
effort necessary to see the two images in Fig. 5 
similar to that experienced in accommodating the 
eye to tlie two positions of the candle in Fig. 2. 
And just as in Fig. 2 the adjustment of the eye 
for i II. leads ns to suppose that the candle is farther 
away than a similai' adjustment for i' I. does, so in 
Fig. 5, as a matter of past experience, we should 
think the light source producing i farther off than 
that originating i\ Thus it arises that in the chro- 
matic aberration of the eye, what many have 
regarded as a serious fault, becomes an important 
element in the jierception of distance ; so much so 
that Thompson observes, “ R(‘Hecting liow useful 
is the pui^pose subseiwed thus by flie non -achro- 
matism of the eye, I consider it probable that if 
the eye were so constructed as to be* (U’igiiially 
achromatic, having usually blue* distances, and 
i*ed-browu fort^groimds to look at, it would, by 
an inevitable prociiss of natural selection, develop 
into a non-achroinatic instrument." * 

And now as to size. An ol>ject with which wo 
are perfectly familiar, and wliii-li we liave ftdt and 
examined minutely, lias an image which coveisj a 


certain area of the retina. All objects at the same 
distance, whose images cover a larger extmit of 
retina, we i*eganl as lu*ggor, and all with images less 
we regard as less than the familiar thing we have 
compared them with. The image of a cow, for 
example, covere a larger area of the retina than a 
dog tlie same distance away ; tlie cow, we therefoi*e 
conclude, is the larger of the two. Our ideas of 
size are obtained by such comparisonH, and in the 
repi'esentation of little known or I'arely seen 
objects, we liave to introduce familiar ones with 
which they may be compared. No idea of the 
size of St. Peter’s, at Rome, could be fonned from 
a picture of it, were there not in the foreground a 
few Inen and animals from which to get our unit 
of measurement ; and similarly in any sketch of a 

* Proceedinga of the Pkpaiml Skmettf of London^ Vol. H., 

p. 170 . 






Fig*. 5. — Thti Chromatic Aberration of the Eye in relation to the I*orcei>ti«.>u 
of Distance. 
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gigantic animal or tree, tliia device uiu8t be adopted 
to produce a ])opular idea of its size : thus by the 
side of the colossal skeleton of the Siberian mam- 
moth we place a Russian ‘‘moujik” gazing in mute 
wonder, or by the side of the Victoria water-lily 
at Kew we put the figure of a botanist looking at 
it with a more intelligent interest. 

Ill order that wo may leave as little as |)OSsiblo 
unexplained, we may now turn to consider why in 
the needle experiment we saw two needles where 
there was only one when the eye was not adjusted 
for it ; and in seeking for an explanation we are 
brought to consider a peculiarity which pervadtjs 
j)erhai)8 all the parts of the eye, HymjKithy of actum. 
If the iris of on^e eye contract, so will the other; 
if one expand, so will its fellow, and this as it wei*e 
purely in sympathy, as will be seen from the 
following simple experiments : — If, in the pin-head 
experiment, described on a previous page (p. 112), 
much liglit is let fall into the eye wliich is not re- 
garding the ])iu w'ithout the quantity falling into 
the observing eye lieing altered, it will be seen 
that although there is no alti^ration of the amount 
of liglit entering the observing eye, its iris expands 
in sympath}’' with tliat of the other eyij into which 
thei'e has been a sudden influx of light. The con- 
verse experiment is described by Lord Bacon, and 
is this : while light is entering both eyes, the iris 
of one is I'egarded in a mirror, and the other is 
closed. The observed iris contracts in Rymi>athy 
witli the one which has been coveml up by the 
eyelid. 

The muscles of the eye ai'e also sympatlietic in 
their action, the muscles of one eye working in 
unison with those of the other, and the parts of 
the two retinro are sympathetic. In support of 
the latter fact, we may here give the paiiiculars of 
an ex}>eriment Newton tried — a dangerous one, 
which we advise tlie reader not to reijeat This 
philosopher gazed at tlie image of the sun in a 
looking-glass for a short time, and found after- 
wards that he could make its image re-apjiear as 
often as he liked by going into the dark, an<l he 
could see tlie image with the left eye alone almost 
easily as with tlve righty on which it wOfS originally 
stamped. This ]Xiculiarity increased to such an 
alarming extent, that before long he could look 
upon no blight object without seeing in it the 
image of the sun. He recovered the proper use 
of his eyes by keeping in a dark room for several 
days, and forbeaiing from either reading or writ- 
ing. The italicised words in the foregoing account 
give the curious part of this experiment, and sup- 


port the idea that thew^ are sympathetic areas of 
the tw'o retince. Two such areas are the ceiitml 
spots uj;)on which the images of objects are caused 
to fall when we direct our eyes and our attention 
upon them. For example, I am inspecting the 
ink-stand a few yards away ; there are tw'o images 
of it formed on my i*etinaj, and both on con*esi)ond- 
iiig parts of these I’etiiite, that is, on the central 
spots, and falling on these sympathetic areas they 
produce the irnpi'ession of one ink-stand. It has 
l>een a ti’ansmitted exi)erience, that wdieiiever 
similar images have fallen upon these areas of 
the retinai, an idea of singleness has been pi‘o- 
duced, for by handling the thing only one has 
been found, and to-day we, as tlie inlieiitors of this 
experience, know at onct? there is but one ink- 
stand, and Jiave only an idea of one, altliongh a 
pair of images are foimed on our retime. If, how- 
ever, these images were to fall on areas not ac- 
custoni63d to work together, tw^o inkstands w'ould 
be seen ; hence it arises that when the muscles 
which regulate the movements of the eyes oi*e 
weak and unable to properly fulfil their duties, 
images of external objects are tlirowu on to un- 
sympathetic areas of the retiuaB, giving rise to 
double sight or diplopia. In the healthy eye this 
may be effected by squeezing one eytdjall slightly, 
and thus, by diverting the rays w hich are entering 
the eye, an imag(? is formed on an area of retina 
not corresponding tc^ that of the other eye upon 
wdiich an inmgij I'ests ; tw’o objects arc thus seen 
where there is only one. Let us now inquii’e 
what parts of two retinae belonging to a ])air of 
eyt^s work togetlu?r or are sympathetic. Tlie con- 
sideration of thrive simple cases wdll tell us what 
we W7int to know'. First, the eyes are directed 
towards a candle a few yards away ; here the 
images fall on the central parts of the retime 
known as the “yellow spots”; second, the eyes are 
still fixed on the same place, but tlie candle is 
removed a little to the right ; the images no longer 
fall on the yellow spots, but a little to the left of 
each ; third, the eyes being still fixed on the same 
place as at fii'st, the camlle is now moved to the 
left as much as it was before to the right ; the 
imagi?s now' fall on the right of the yellow spots. 
In each case there is sympathetic action of the re- 
tinal areas at work, because only one light is seen. 
Hence it would apjiear from this experiment that 
the exact centres of the tw'o retinae work together; 
that certain regions to the left of these centres 
work together, and certain regions to the right. 
Suppose now we could see the backs of the eyes 
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with the images formed on them in tliis ex^)eri* 
ment, as though tlie eyes were cut in halves, and 
the fx'ont jmrts I'emoved, it would he not unlike 
looking into a couple of acorn cups with pictures 
of an inverted candle {minted in their hollows, and 
what we should see may l>e repi’esented by i., ii., 
m., in Fig. 6, whei’e it will be seen that in the 
first case the images ocou{3y the exact centres, 
and in the sec?ond and third {)Osition8 they stand 



Fig, 6.— ImagGs Formed ou the Backs of a Pair of Eyes. 
ifi) ISntniiHM* of Optic Nerve ; U^) Yellow Spot, or Mtteula Intea 

to one side ot them. The blind spots are unsym- 
{lathctie areas, and conseqxiently in normal vision 
the image of an object never falls on the two blind 
8{K)t8 together, for if one blind 8{K)t be occupied by 
an image, the coiTe8{)onding image in the other eycj 
falls on a sensitive area of i-etina, and thus no 
inconvenitnice ari.ses. If the images of a single 
obj€>ct be made to fall on the intenial or nose 
side of each yellow s{)ot ; or one image on a 
oentml spot, while the other occupies in the otlier 
eye a jicsition to one side of it, in all such cases 
a single object appears double. It will now be 
evident why two needles were seen instead of one 
in the needle cx}N;nment. Wlien the eyes were 
turned towards the far needle and adjusted for 
distinctly seeing it, blurred images of the near one 
were formed on the external side of each yellow 
Bpot — unsymjmthetic areas. On the other hand, 
when the sight was adjusted for the near needle, 
images of the far one fell on the internal and un- 


sympathetic sides of the yellow spots. An amusing 
form of the latter experiment may be thus tried. 
Look at a finger held ]>ointing upwards a couple 
of feet away with a candle in the line of vision 
several feet off; while the eyes are adjusted for the 
finger there apj>ear to be two candles, because the 
images fall on unsym{>atbetic retinal areas. 

We have seen that when the eye is adjusted for 
near objects the front surface of the lens bulges out 
more than ordinarily, and that if this fulness of the 
lens be retained, distant objects will seem blurred 
and doubled, because their imag(5s cannot fall com- 
pletely on the re tines nor on sympathetic areas of 
them. One of these effects would be jiroduced if, 
all other things Ixjing right, the surface of the 
cornea bulged out more than enough, or the sub- 
stances of the eye bent the rays too much. For with 
such a myopic or “short-sighted” eye the image 
of an object some distance off is formed in front 
of the i*etina instead of u{K)n it, and seems blurred 
and indistinct. This is a state of things analogous 
to that nipreaented in Fig. l., where, to get a 
distinct image on the sci^een, a candle a long way 
off has to l>e brought u{} to within a foot off the 
fiask. Similarly, {>eople with short sight have to 
bring objects near, in oilier to see tlxem plainly, ot; 
in other words, to plant their images fairly on the 
r(?tin«B. The sanu? end may Ije attained by the use 
of a double concave glass of such a curvature as to 
neutmlise the bad efiects of the too convex form of 
tlie cornea. On the other hand the cornea may be 
too flat, may not have cuiwature enougli, and the 
materials of the eye may not have sufticient light- 
bending |>ower. Under such circumstances t)ie 
images of external objects would be formed at a 
{dace biiyond the retina, if the back parts of the 
eye were transjiariuit ; and to get distinct vision the 
images must be brought forward and projected on 
to the retina. Near objects cannot lx? plainly seen 
until this is done either by using a convex lens, or 
{^lacing the object a long way off. Such “long- 
sightedness ” is a condition common to aged {per- 
sons, whence the name presbyojnc, by which it ia 
known. 

Tlie image being fairly planted on the retina, 
that series of actions takes ]»laoe which we have 
tried to describe in the paper on “The Eye and Its 
Use,” {>. 110. Wondrously well defined pictures 
are formed, faithfully I’epi'esenting external nature 
in form, tint, and shade, and from these we get 
our ideas of that which is without us. The light 
producing these images is not very strong, having 
been i-eflected once, twice, or more times since 
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leaving the sun, and at each redectioti it has been of light. One or two illustrutious ot this have 

weakened. This is a matter of some importance, come under my notice. Tliis is a very homely one ; 

for when light proceeds directly from a luminous take a white ix>rcelain vessel (Fig. 8) and lay it on 
source into the eye, if it be very strong like the a white slieet of paper or a white table-cloth, with 

sun^s light, the visual organ may be injured, os we the gas lit some distance over mid on one side of 

have seen, and in any case the peculiar phenomenon it as in Fig. 8, i. A numbci* of rings, dark and 
termed irradiation may be observed, a phenomenon bright alternating, will be observed on the opposite 
in which the impression produced on the retina side of the pot to that on which its shadow lies. It 
extends beyond the outline of the image. The is foreign to our present pur}) 08 e to inquire into 
biologist tells ns that the retina is but modified what these dark and bright lines are due to ; wliat 
skin, skin which lias been so we liave to note is that if these lines differ very 
altered as to be sensible to little from the white cover in intensity tliey vanish, 
the impact of ether waves, or rather, one cannot i)erceive them after gazing at 
just as the skin of one’s hand them for a few seconds. If, however, the jiot be 
is sensible to the rap of a hard moved to and fi-o in the direcrtion of the airows, 
body. Now it has elsewhere the dark and bright lines are at once visible. 
Ikh)ii shown* that there is a Another exiieriment illustrating the same fact is 
limit to the discriminating this. When examining a very iaiiit absorption band 
... 7,— Irradiation. power of the skin, that two it seems to be soon effaced in the light of the re- 
compass jK)ints, when sufii- mainings|)ectrum; thatis, if in looking(Fig.8,ii.)at 
cieiitly neai* to each other, will be discerned only the sjiectruin c we steadily gaze at the very faint 
as one if they he brought to bear on the skin ; band a> for the purpose of fixing its ^losition, it very 
in like manner the I’etina behaves in this pheno- soon disappears, but if we slide the telescope rapidly 
inenon of irradiation. first to the right and then to the left for several 

Take a piece of black thread and regard it steadily times, the hand is plainly seen during the move- 
against the glaring gas-light some yards away, nieiit. This displacement of the telescojie amounts 
(Fig. 7). Tlie continuity of the thread seems bi’oken. to the sjiectrum Inung moved rapidly backwards and 
Why 1 On the retina there will be projected images forwards in the direction of the armws. Fi*om these 
of the two halves of the flame experiments we may conclude, then, tlmt a hand 
a and h. These images represent nther more or ksa luminom titan the ground on which 
areas of the retina stiongly agi- it u cant token continuoualg presented to tite same 
tated, and we see here that two point of the rHbm becomes imnslble, but hg continu- 
distinct areas of impression merge ally shifting the pJ>ace of tlw image of the object on 
into each other and appear as the retina the hand may be rendered permanentJily 
one. With a thicker thread I visible. Herein lies the exjdanatioii of the fact 
a distinct se|mration that wo see the Furkinjeh HgureSf described on p. 
of the half im- 1 1 G, only when the candle is kept moving up and 
ages, and obtain down. The sensitive portion of the retina is the 
on a small scale layer of rods and cones. But the rods and cones 
the phenomenon are behind these ramifying blood-vessels. Therefore 
described on p. faint shadows of these vessels fall upon the back and 
168, Vol. I., sensitive j)ortion of the retina, and can he discerned 

Violet where the full only when tlie candle is ke]>t moving. If, whilst 

sun apparently looking at the Purkinje’s figures, one ceases to move 

indents a tele- the caudle for a moment, the figures disappear. The 

Fig. 8. - Irradiation Experiments. graph pole w hich above is a simplification of the proposition enunciated 

stands full in the by Wheatstone before the British A ssociation in 
way of the observer looking at it. 1835. Bince, however, the seveml facts which he 

There is another set of irradiation phenomena there adduced in supi)ort of bis proposition vere 

which is of great interest, in which it appears not published, I have deemed it ox^xHUeiit to intro 

that the retina under certain circumstances cannot duce the simple experiments here given, 
well discern between minute differences in quantity Suppose an unscientific observer were to see the 
* Science for All,” Vol. n., p. 807. Purkinje’s figures for the first time accidentally. 
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in nine oaaes out of ten lie would be alurmed lest It was a small bit of wax, about the hundredth 
the black branching lines were the forerunners of part of an inch in diameter, which had lodged 
some disease ; and so it often hapjiens that a glance between two eye-lashes, a little while before, when 
taken under peculiar circumstances is the cause of he was breaking the seal of a letter. He examined 
much fear to one with insufiicient knowledge to the chip of wax, and found that it was quite 
investigate the matter calmly. Tyndall tells of an competent to produce the effect' tliat had been 
ai*tist who came to him troubled by the appearance observed, and there was no doubt wliatever that 
of vividly-coloured circles. He was in di^ad of it was the reflector. In order to 

losing his eyesight, because the ciicles were becom- explain why the candle appeared 

ing laiger and the colours mo'i’e vi\id ; but this without the ordinary range of 

alarm was reniovcxl on his being told that this vision, why the images which it [] 

very fact |K>inted out that the disturbing agents fonned occupied so mysterious a ® I 

were becoming less and less, and would probably place as to be seen as it wei’e W 

be soon absoi'bed into the system — a prediction through the ^ 

which proved correct. Wlien Sir David Brewster top of the 

was writing the second of his letters on Natural head, he had 

Magic,*^ he found, upon glancing at a candle in to make use 

another part of tlie room, that he could see an of the law of 

image of it through the top of liis head. Its visible direc- 

|X)aition with regard to the eye is shown at a, tion, which 

Fig. 9. The image was quite distinct, and as we may here Fig. a-Brewster’s lUiwion. 

[lerfect a.s if it had been reflected from a piece of profitably 

looking-glass. What could it lie owing to ‘I It stay a moment to explain. By means of tlie 

was evidently reflected from a jierfectly flat and rofractive media of the eye, objects are projected 

polished surface. The eye-brow and the eye-lashes on to the retina inverted, both perpendicularly and 
wei-e searched for it. Tlie ]X)lished surface could laterally. Some idea of this will obtained from 
not be found, and the philosopher w^as driven for the accompanying figure (Fig. * 10). Follow the 
a short time to the most uncomfortable conclusion course of the external rays from the object to its 

that crystallisation was proceeding witliin the image on the rotina ; they cross each other at a 

humours of the eye. This supposition was so point nearly in the centre of the eyeball. TTiis 

unliearable that he set himself down to examine point is called the “ centre of visible direction,^* 

the phenomenon exjierimentally. He found that and the mind judges the position of each particle 

tlie image varied its place by the motion of the head of the arrow to be somewhere in the direction of 

and of the eyeball, or occupied a place where it was the lino drawn from its image on the retina 

affected by that motion. Upon inclining the candle through the centre of visible direction — ^that is, in a 

at different angles the image suffered correspond- direction very nearly perpendicular to the retina 
ing variations of ^Kisition, and in order to determine at that spot. Now, in the phenomenon under 
the exact place, he now took 
an opaque circular body and 
held it between the eye and 
the candle till it eclipsed the 
mysterious image. By bring- 
ing the body nearer and 
nearor the eyeball it was easy 

to determine the exact posi- io.-Dlafmm ihowing how Object* axe imprinted on the Retina, 

tion of the reflector. In 

this way he ascertained that the reflecting body consideration, the chip of wax was situated at m, 

was in the upper eye-lash, and in consequence of nearly in contact with the cornea, and the light 

having been disturbed the image twice changed its which it reflected xiassed very obliquely into the 
inclination so as to seem to be at b and c (Fig. 9) eye, falling somewhere about n, and appearing, in 

resjiectively. Still he sought for it in vain, and virtue of the law just explained, somewhere in the 

not until Lady Brewster had repeatedljr examined direction of a line n c. 

the spot was the source of annoyance discovered. The celebrated Dr. Wollaston was twice afliicted 
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ivith an anomaloaa state of vision. So long as it 
lasted^ he was able to see only half of any object he 
looked at ; thus, upon attempting to read a name 
on a sign-post only one-half was visible. The 
explanation of such a queer phenomenon is that 
sympathetic areas of the two retime are in- 
operative, a condition for serious alarm, or rather, 
we ought perhaps to say, a condition for con- 
siiltation with a physician, for such a state has 
often been the precursor of paralysis. 

Now, suppose we turn from this gloomy side of 
our subject, and take a glance at a distant gas-light 
with its bars of gold i*adiating from it. While 
looking at it a tiny raindrop falls into the eye, and 
now, if we i*efrain from winking, we shall see a 
series of concentric rings suddenly formed (Fig. 11), 
which gradually grow smaller and smaller until, 
merging into the light itself, they disappear. A 
curious sight it is to see a whole succession of 
lamp-lights surrounded by these contracting rings 
as you are walking along the street on a dark 

winter^a night, and no- 
so as to 

produce 

for 

to face the 

and allow a raindrop 
on to the cornea 
when 

rings are instantly 

lllllllllllll^^ 

Fiff. ll.~A visual Phenomenon. tmct. Tllis is one 

explanation of the 
phenomenon.^ When the globule of rain im- 
pinges on the cornea, it spreads out in a series 
of rings, and the action of these on light is 
to produce a numbcjr of concentinc moving light- 
lings on the retina. Here is an analogous exjKjri- 
ment : Drop a stone into clear and shallow water 
when the sim is briglitly shining, a series of 
out-geing light-rings will be seen the bottom, 
which are produced by the refractive action on 

• The writer first described and explained these appearances 
at the ShefiSeld meetiiig of the British Association (1879). 


sunlight of the outward travelling wave-rings. 
And in the eye, if the retina were very near to 
the lens, precisely the same effect would be ob- 
served, and the light-rings would seem to exjiand. 
The retina being, however, situated as it is, the 
rays have crossed long before it is reached, and we 
get on the eye-screen a series of inverted light- 
rings. Each of these rings is tlie base of a hollow 
cone of light, as will 
be understood from the 
foregoing i‘emarkR and 
an insi)eetion of Fig. 1 2, 
wdiere e represents the 
lens, and r the retina. 

Now, as tlie rain-rings 
Rjjrcjad out on the cornea 
the cones of light at a 
increase in .size ; in otlier 
words, the common aj)OX 
at d advances towards 
the retina ; the cones of 
light at h decrejise in 
size, and consequently 
their bases, the rings of EftiST. 

light on the retina, (r, Uotina » c, <>r;jjtaUinn Loiw , 

appear to contract. 

In bringing this paper to a close, we may ex- 
press a ho[Hj that if we have been successful in iin- 
l)arting cleai* ideas concerning the phenomena herein 
dealt wdth, the reatler has acquired food for thought 
a long while to come. The emotional aspect of the 
eye has not come within our province, and we 
have accordingly Ijeen as indifferent to the flashing 
glance of a Coriolanus “able to pierce a corslet,” 
as to the melting glance of a Borneo meant to win 
the favour of a Juliet. Wo had to confine our- 
s(dves to the i)a8sionleBS glance, and have, there- 
fore, considered the eye as a perfect and, under 
certain circumstances, as an imperfect imtrunient 
It will, however, have been evident that so wonder- 
fully is a normal eye constructed, so marvellously 
do its various parts serve their several ends, that 
it would be gross presumption in fallible man to 
find fault with it. 
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SOME VERY OLD ROCKS. 

Bv Chaklbid Cailaway, M.A., D.Sc., F.€^-8. 


A VISITOR to the Malvern HUla* can hardly 
fail to notice, that the rocks are very different 
from almost any others to be found in England. 
If he travel from London by the Great Western 
Railway, he will see in the cuttings, first, beds of 
soft white chalk (Berkshire) ; next, thin bands of 
yellowish limestone (Oxfordshire) ; and then, as he 
enters Worcestersliire, reddisli sandstones and clays. 
He has passed in succession from newer to older 
rock groups, but the oldest (the Triassic) is but 
of yesterday when compai*ed with the rocks of 
Malvern. 

The first task of most visitors is to ascend the 
Worcestershire Beacon, the hill overhanging Great 
Malvern, and the highest summit of the chain. Let 
the geologist take out his hammer, and break off a 
good clean fragment from one of the bosses which 
here and there project above the gi'ass. He will 
see that the rock is something like granite.+ He 
will notice the red felspar, the transparent quai*tz, 
and the blackish mica or hornblende. But he will 
observe an important difference. The three or four 
minerals, instead of being all indiscriminately mixed 
together, like the paste, the raisins, and the lemon- 
peel in a plum-pudding, are arranged in layers. The 
imste, the raisins, and the lemon-peel — in other 
words, the quaiias, the felspar, and the mica — ap|)ear 
in thill seams, interlaminated with each other, like the 
leaves of a book. Prom this resemblance, the seams 
take their name, folium^ a leaf ; and this amiuge* 
ment is called foliatioru The rock will tend to 
split along the pianes of foliation, especially along 
the folia or “ leaves ” of mica ; so that the surface 
produced by fracture is frequently glittering with 
the bright little plates of that roineraJ. With a 
little difiiculty, the rock may be bi^oken across the 
planes of foliation. We then see the edges of the 
folia, which are usually most distinctly indicated 
by the dark-coloui'ed mica. This rock, which differs 
from granite only m being foliated, is called gneiss 
(pronounced like the English word ** nice” with a 
l)e£or(i it). 

It is not always easy to make out foliation in 
small s})ecimenB, but it may be distinctly seen on a 
large scale in many parts of the Malvern ridge, 
especially near the Beacon, where the lines of dark 
mica or hornblende, or of the reddish felspar, may 

* '‘Soiijnoe for Vol. 1, p. 1^. 
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be observed running across the ridge. Tliis last 
peculiarity has been described elsewhere, j; 

The folia are often veiy irregulac both in thick* 
ness and continuity. Sometimes one of the minerals 
predominates so that the rock is made up obiefiy of 
(say) quartz, when it will be of grey colour ; or of 
felspar, when it will be reddish; or of mica, when it 
will be dark or even black. Then, too, a band an inch 
thick will quickly thin out to nothing, or it may 
keep a tolerably uniform thickness for some dis- 
tance. The ** leaves ” may be broad bands, visible 
in the face of the rock for many yards, or they may 
be as thin as a single flake of mica. ^ But with all 
this variation, the one plain fact remains, that the 
minerals lie in distinct layers, along which the rock 
will most easii^ split. 

We must clearly distinguish between foliation 
and the fissile structui*© of slate and of shale. We 
have seen§ that slate splits easily along a certain 
plane because its particles have been flattened by 
pressure. This cleavage^ as it is called, does not 
usually coincide with the planes of original de}K>9i- 
tion. Shale readily splits up into the thin leaves 
or layers, in which it was at first deposited. This 
kind of fissih^ structure is called Imnination, 
But ill gneiss a greater change has taken place. 
This requires careful explanation. 

We must first bear in mind that some kinds of 
gneiss were once mei*e mud, or a mixture of mud 
and sand, deposited in beds, or in tliin huuinie, at 
the bottom of the sea. It has since, perhaps, been 
converted into slate by consolidation and pressure. 
But the process does not stop here. Chemistry steps 
in and remakes tiie rock. Nature, in her vast labor- 
atory, working with the deliberation of an experi- 
mentalist who has unlimited time at her command, 
eati convert a soft clay into a crystalline rook. 

Each particle of the clay, or slate, is a compound 
substance, made up of two or more distinct com- 
ponents, such as silica, alumina,! oxide of iron, If 
lime, magnesia, potash, and soda. Of these, silica 
is the most important. In its simple state it is one 
of the most widely distributed substances in nature. 
Quartz is its crystalline form. In union with one 
or more of the other bodies named, it forms a great 
variety of minerals, called silicates ; with alumina, 

t Bee paper, by writer in Qeologimt Hay, 1879. 
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iua4 or soda or time, it constitutes Ms^ ; 

^tti alkali, it becomes mica; 

uritibottt alumina, and wil^ iron or magnesia or 
lime, or with two or three of these, it crystallises 
as hornblende; indeed, most of the minerals con- 
stituting crystalline rocks are silicates. But how 
can the quartz, felspar, and mica be made out of 
mud 1 

Hud is silicate of alumina, with perhaps some 
iron or lime and potash or soda. If now we can 
get the silicate of alumina to take up some potash, 
we have the materials for felspar, or a variety of 
mica. If, instead of this, the silicate combines 
with iron, we may have other varieties of mica ; if 
with lime, other varieties of felspar. Suppose 
there is some sand in the clay. This sand is simply 
particles of quartz coloured by iron. If now we 
con induce the quartz (silica) to unite with the 
iron, and perhaps some lime or magnesia, horn- 
blende may be produced. We have all the 
materials in the mud. The problem is, how can 
we get them to combine ? 

The act is accomplished in every fuinace for 
the smelting of iron. Olay ironstone is simply 
hardened mud impregnated with iron. The ore is 
strongly heated with lime, the iron is separated, 
and the clay (silicate of alumina) combines witli the 
lime to form slag, a substance which bears some 
resemblance to hornblende. The slag is glassy, not 
crystalline. This is due to its rapid cooling. If it 
were cooled veiy slowly it would assume the crys- 
tatiine form. 

Our work will be done better if we add water to 
the heat. Water, more or less heated, is able to 
change mud into gneiss. 

The processes of xiature have been imitated in 
the laboratory. M. Daubr^ heated water in a 
glass tube enclosed in an iron cylinder to prevent 
bursting through the expansion of the steam. 
Even at a dull red heat the steam attacked the 
glass, producing decomposition and ^reorystalliss- 
tiem of its component parts. Quartz and a silicate 
were formed. Under similar ciroiunstances, ob- 
sidisni volcanic glass,” was converted into 
crystals of felspar. The same investigator has 
recorded some very interesting observations, which 
throw great light upon the origin of ciystalline 
vodca. At Flombikes, on the Yosges, and other 
places in France and Algeria, are hot mineral 
springs, which the Romans utilised for baths, 
oemveying the water thi*ough aqueducts of bricks 
oem^ted with time mortar. By the slow action 
of the water upon the mortar certain silicates 
122 


have been formed. Even portions of the bricks, 
composed of clay coloured by iron, have been con- 
verted into crystalline silicates. These changes 
have, of cotirse, been brou^^t about since tiie time 
of the Homans. 

These processes, going on quickly in blast 
furnaces and in the cabinet, and slowly in the old 
Boman baths, illustrate the mode in which Nature 
makes the minerab of which gneiss is composed. 
All the agents she reqiiires are water and heat. 

As to the water, plenty of it b always fallmg 
from the clouds. Most of it, after carving out 
mountains and valleys, enters the sea, and, rolling 
about for a time, returns to the clouds ; but a 
small proportion sinks down into the crust of the 
earth, not merely into such porous rocks as 
chalk and sandstone, but into the hardest and most 
compact. No mineral or rock substance in the 
earth’s crust b absolutely impervious to water. 
Tlnis water b supplied to any mass of cby which 
Nature may wish to change into gneiss. 

The heat lies in the earth itself, and the lower 
down we go the more we get of it.* Assuming 
that the increase b uniform, the rain-water would 
be heated up to boiling-point at a depth of about 
two miles. Other causes, such as pressure, come 
in to complicate the problem, but it b sufficient 
for our present purpose to know that plenty of 
hot water deep down in the earth’s crust is pro- 
vided for the manufacture of gneiss out of clay, 
shale, slate, or some such rock. 

As Daubr^e dissolved glass, and redeposited it 
in crystals of quartz and other minerals, so Nature, 
with her hot water, operates u|)on her rook beds. 
She cannot enclose them in iron cylinders, but 
she finds them already buried under (it may be) 
several miles of rock. The heated water, per- 
meating the strata which are to be changcnl, slowly 
dissolves the particles of clay and sand. The 
different constituents ai'e then free to enter into 
new combinations, according to their respective 
affinities. These new compounds ciystallbe as 
felspar and mica or hornblende, and the super- 
fiuous silica, in the form of qimrtz, filb in the 
spaces between the other cnystallised minerals. 

In many parts of the highlands of Scotland b 
a very beautiful rook, which b like gneiss, but 
diffiers from it in the absence of felspar. It b 
composed of quartz and mica only. The mica b 
of a brilliant silvery lustre, so that the cleaved 
surfaces glitter like a piece of silver plate. Thb 

♦ ‘‘Science for All,” VoL n., pp. 110--417, Where the quee* 
tion i« fuller dieouised. 
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rook forms some of the great mountain masses, 
such as Bea Lomond 

These rocks, which qplit easily along the ** planes 
of foliation,’’ are called schists, and the last-named 
Tariety is denominated mica-schist* It is formed 
fh>m similar material to that ^m which gneiss 
is produced, but oantaining less alkali (potash and 
soda). 

If the mica bears a very small proportion to 
quarts, the rock is called a quartz-schist. If 
mica be absent, we have a rock composed exclu- 
sively of quartz. This is named quartzite. Sand- 
stone^ which is composed oi quartz grains, is not 
very different from quartzite, since the grains are 
simply silica, which cannot be decomposed or 
changed into anything due. The agents which 


to pmnanenoe* In granite or gneiss tbs quadafi 
may be disaolyed, the mica, the hombiend^ and ^ 
felqNur may be A^niposad* Suph changes cftsn 
entirdy alter the already altered rook. 

One of the most important cf these alterations 
is the conversion of hornblende into a soft grean 
mineral called chlorite. Some of our very old rocks 
ai*e thus coloured greexi. 

It was formerly thought that days, slates, and 
sandstones were converted into crystalline rooks by 
the action of intrusive masses or veins. In text- 
books and diagrams, even of recent date, the gneiss 
and other foliated rocks are represented as eveiy- 
where underlain by granite, which is supposed to 
supply the necessary heat. But it is now known 
that, though granite or basalt, forced up ^ a molten 



convert a mud into gneiss or mica^scUist merely 
give to the sandstone a semi-crystalline ap|iearance, 
and, generally speaking, make it harder. 

Another rock, found abundantly amongst the 
most ancient groups, is czystalline marble. This 
is merely an altm^ limestone. The calcareous 
rock, composed generally of fragmentaiy and 
pulverised animal remains, simply undergoes the 
process of ciystaUisation. By this change all traces 
of the original oigauic structure are obliterated, and 
the chalk or limestone becomes a mass of crystals, 
and bears a close resemblance to white lump-sugar. 
This alteration, or metamorphism, to use the tech- 
nical term, may be artificially produced. If lime- 
stone is burnt in the open air, as in the ordinary 
lime-burning, carbonic acid is driven off as gas, and 
lime remains behind ; but if the rock is exposed 
to a strong heat in a closed vessel, so as to prevent 
the passing off of the carbonic acid, no chemical 
change can take place, and the rock gradually 
passes into the mystalline state. Marble some- 
times occurs as a foliated rock, associated with 
another mineral, as mica. 

Oneiss and some other altered or metamorphic 
rocks frequently undergo still further ohanges. 
Indeed, the great law of change which pervades the 
universe seems never to be suspended. The solid 
foundations of the earth, as well as the fragile 
butterfly and the delicate rose-lea^ can lay no claim 


state from beneath, will change the rock in contact, 
converting limestone into ciystalline marble, slate 
into gneiss, and so on, yet the alteration does not 
extend far from the intrusive mass. The meta- 
morphiani of great formations is due to a more 
general cause. When strata of mud, sand, limestone, 
and conglomerate, accumulate to a great tliickness, 
it is supposed that the increased pressure causes 
depi'esaion of a portioti of the crust, which is more 
or less yielding, since it rests on an iinder-stratiun 
of molten rock. Thus, a series of beds may be so 
far depressed as to be brought under the iniluenoe 
of a high temperature. Fig. 1 illustrates how this 
may be done. The diagram represents a section of 
about two miles of the thickness of the earth’s crust, 
which is here composed of beds of rock which 
thicken out towards the left The section is 
divided into zones of temperature, which, for 
simplicity, increase by 20^ Fahr. each zone, instead 
of gradually, as in nature. The accumulation of 
sediment has depressed the conglomerate to a tem- 
perature of over 200°, the sandstcme to 1S0\ the 
day to 140°, and the limestone to 100°. lower 
be^, other things being equal, will be metamor- 
phosed more rapidly than those abova To avoid 
complexity, the rook beds are represented of mor- 
mous thickness, and their thickei^g out is neces- 
sarily greatly exaggerated* 

A marked feature of many very old rocks is the 
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0 ^ wbklL h&ve undergone. 
1)^ of very hsad, orystaQme quartadte or 
gneiali^ are often twisted and orumpled into the 
Bioet ftntastic forms. It is oommon to see the 


I 

Fig. S.-~Oontortod Quarbs Vein in a Bed of Sohiat. 

strata bent as riharply as a newspaper which has 
been folded for the post. This is due to an enor- 
mous squeezing power. One little fact, illustrated 
in Fig. 2, will give the reader some conception of 
the intensity of the compressing 
force. The figure represents a vein 
of quartz, observed by the writer in 
some very ancient rocks on the coast, 
west of Rhosoolyn, near the south 
end of Holyhead Island, in Anglesey. 

The squeezing force evidently acted 
in the direction of the arrows, and 
it is dear that the rook containing 
the vein has -been compressed into 
less than one-fourth of its original 
thickness. The reader can verify 
the statement by bending a piece 
of wire in the shape of the figure, 
cutting it off, and then straightening 
it out. Such a maiwellous case of contortion is 
probably without a imrallel in the history of 
science. The island of Anglesey is fhll of remark- 


able illustrations of this tremendous squeezing 
power. Fig. 3 shows in a sucoeiKdon of cUfis 
how beds of rook, originally horizontal, have been 
contorted and tcrned up on end* In the next 


m 

example, Fig. 4, the pressure tm bent the beds into 
still sharper folda 

The force which has caused sudi bendings and 
twistings of the earth's crust has acted sideways. 
We have already seen (Vol. I., p. 346) 
how such lateral pressure produced oleav- 
age. 

The foliation of rooks sometimes co- 
incides with bedding or lamination, some- 
times with cleavage. When the clay or 
slate is being converted into schist, there 
is a reason why the crystals, as they are 
formed, should arrange themselves into folia. 
The crystals ai*e usually tabular, or they are longer 
than broad, and they will therefore tend to lie in 
planes of least resistance. In a rock like granite, 
where there is neither lamination nor cleavage. 


Fig. 3.-- OUifg of Contortod Stnta. (AfUr Bamtay.) 

there is no reason why a crystal should lie in one 
direction more than another. But in a shale there 
are planes of lamination, and the crystals will 
naturally grow in the direction in 
which lliere is the least resistance, 
that is, along the lamination planes. 
In a slate, on the other hand, the 
lamination may be obliterated, or 
nearly so, wliile cleavage is well 
marked ; so that the newly-forming 
crystals of mica or felspar will pro- 
bably lie in the planes of cleavage. 

The older rooks, being frequently 
very hard through the compression 
and crystallisation which they have 
undergone, form some of the most 
prominent scenery in the British 
Islands. Hie Malvern Hills consist, from end 
to end, of highly crystalline rook, of whidi gneiss, 
mica-sohist, and a sort of granite, are the most 
abundant varieties. Surrounding the rai%6 arc 





Fig. 4.^Eook^1)edi Sliftiply Gontortsd. {Afitr JBtam$ay,) 
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bads at aandstondt ahale, and limeatone^ vludb, ^^bottra foeks” ot Britaini 
being mudi more easily acted upon by weather garded aa the oldeet depoeitflu But more reeeii% 
and water, have been gradually waehed away, there have been^difioovered in Eur<^ and North 
leaving the oxyatalline nucleus, which was once America great fomadons which are supposed by 
entirely buried under thick accumulations of some to cany the history of the earth as jEar badk 
eedimant, standing up sharp and prominent above firom the Cambrian as the Cambrian carried it from 

the present day. The oldest of these groups 
was found to occupy an extensive tract of 
country to the north of the river St Lawrence, 
in Canada, and it was thence named the 
Laurentian* It consists of metamoi'phic rooks, 
the plain of the Severn. In Kg. 5, a is the crys- such as gneiss, mica-schist, quartzite, and crystal- 
talline nucleua On the west side are soft shales line limestone. Overlying this series was a second 
B, with two bands of limestone ; and on the east formation, largely composed of volcanic rocks, called 
are the sandstones, which occupy the valley of- the the Huronian. Borne other groups have since been 
Severn in this district. A very striking example described, but these two are well marked and uni- 
of the same principle is seen in Perth8hii*e, in the versally recognised. It is now usuaT to designate 
giant peak of Bchiehallion (Fig. 6). This huge moun- these ancient rock groups, of whatever epoch, by 
tain, over 3,500 feet in height, presents from the east the general term Archfis^ or Pi*ecambrian. 
orwest the appearance of a regular cone. It is mainly Of late years the Archiean rooks have re- 
composed of veiy hard white quartz rock, over- ceived considerable attention in Britain. In the 
lain and underlain by much softer schistose beds, north-west of Scotland, the Hebrides and adjoining 
and with some bands of schist inter-stratihed with mainland, are great deposits of gneiss, highly oon- 
it The su|)enor induration of the 
quartzite has preserved it from denu- 
dation, when the schists wei*e worn 
and washed away. 

In speaking of very old rocks, it 
is requisite that we should cleai^y 
understand what we mean by ** old.’' 

The geologist is liberal of time ; he ^ ^ ^ 

estimates not by years, but by ei)Ocha Fig. 6.- Swtioa «cro« Scbiehallion. (<i) Quartdto J (s) Schist. 

But the geological clock is a very 

rude instrument. It tells us of immense periods, torted, which wci*e called at first the fundamental 
during which continents were raised above gneiss,” and more generally the Lewisian or HebrL 
the ocean, shaped into mountains and valleys, dian. This group is the probable equivalent of the 
eaten into by the waves, and worn, down by rivers, Laurentian. The Malvern Hills are composed of 
till a few scattered islands alone remained, and similar rocks, and it is very likely that they are of 
these, in their turn, were destroyed by the never- the same age. The ridge on which St. Davids 
resting elements. The clock teaches us that within stands, and a part of the ridge which, rising above 
the limits of a single epoch, new types of plants the town of Caernarvon, strikes north-east towards 
and animals slowly came into life, were variously Bangor, though made of somewhat different deposits, 
modified, and jmssed away. But the clock is unable are probably of about tlia same epoch. The best 
to measure, even to a million years, the length of the exposure of these ancient rooks in the sou&mi 
periods during which such changes were brought of Britain is to be found in Anglesey, where 
about masses of contorted gneiss, in ooloor grey and 

If the reader will turn to the frontispiece of dark green, pass up into a granite-like rook, 
YoL I., h4 will see the order of succession of the rock similar to Uiat which forms the ridges at St. David’s 
groups which compose the earth’s crust, with special and Caernarvon, 

reference to the British Islands, but corresponding, A second Precambrian group has also been dis* 
on the whole, to the succession of epochs which covered in Britain, called the Pebidiaiti It is a 
make up the history of the earth. Low down in volcanic group, and consists of lavas, ashefl^ Ac., 
ihe series is the Cambrian, formerly considered the materials identical in character wiUi the niost 
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ISiiiiia a yevy interest- 
wg point) miioe it proyee that the forces of nature 
yrere the same in kind in these very ancient epochs 
jui at the present day, and there seems no reason to 
ibelkye tl»t they differed in intensity. These rocks 
wera first hotic^ at St. Davids by Dr. Hicks, and 
they have since been observed in Oaemarvonshire, 
Anglesey, Chamwood Forest, and Shro|>ahire. The 
vrell-known Shropshire mountain, the Wrekin, near 
Shrewsbury, exhibits rooks of both the Precambrian 
or Arehiean epocha 

It must not be supposed that highly crystalline 
rocks are confined to the Precambrian periods 
Oneiss, mica-schist, marble, and other highly altered 



Fig. T.—Coutorted Bipple marks iu some rery old Books. 

CO) QusrUKo ; (s) Schist. Scale, ons loch to a foot. 

deposits may occur in much younger gix)iips. Clays, 
sandstones, and other sediments of any age, will be 
metamorphosed, if the necessary conditions ai*e sux)- 
plied. A large portion of the Highlands is occupied 
by gneiss, mica schist, and quartrite, supposed to be 
of Lower Silurian age. In mountain ranges such as 
the Alps, strata of still newer epochs we converted 
into crystalline schists. There is no 

reason why gneiss should not be forming at ^ m 

tiie present moment; but it is evident ™ 
that we can have no positive proof of 
the fact The process would be going on 
at the depth of perhaps several miles ; so that before 
the gneiss can see the light of day, there must be 
upheaval to that amount, and the superincumbent 
stmta must be stripped off by denudation. For 
this reason we are not likely to discover metamor- 
{dud rocks in any of the newer formations. 

Within the year 1879, there has come under the 


notice of the writer a very remarkable Olustration 
of several of the principles expounded in this paper. 
It was observed in Holyhead Island, near the spot 
where the intense contortion described and figured 
on p. 203 occurs. A cliff of quartzite, with a sofib 
schist at the base, faces to the south. The quartzite 





and schist are in beds, which dip to the north. The 
schist has been worn away by the waves, leaving the 
lowest bed of quaitzite projecting like a cornice, but 
sloping inwards. On the lower sutface of the 
quai-tz i'ock aie numerous roiuided projections, 
roughly lepresented in Fig. 7. The surface A a\ 
strange to say, is simply the cast of a surface of 
mud, which had been rijipled by the waves of the 
sea. The sesrshore, whetlier composed of sand or 
mud, is often seen to be shaped by the tippling of 
the water in the manner sliown in Fig. 8. If tliis 
surface be covered in with sand, it is evident that 
the surface of the overlying bed will be shaped as 
in Fig. 9. If now an enormous squeezing force, 
acting in the direction of the arrows, compress the 
bed into about one-fouitii of its oiiginal bulk, the 
rounded projections will be squeezed up, as in 
Fig. 7. The compression is so gi’eat that some of 
the projections ai*e brought into actual contact, and 
squeezed into each other. Then the mud is nieta- 
mor|)hoHed into a soft schist, and the sandstone 
into quartzite. 

Tliis single illustration proves the following 
princij^les : — (1) During the earliest epochs of 
which we have any knowledge, the ripples of the 
sea jiroducod the same effects as at the present ilay. 
The laws of nature, in their gentleness as in theii* 
force, have not changed. (2) The momentary 
movement of a wavelet has been preserved in rock 
through the great succession of epochs of which 


Fig. 9.--CAst of Bipple*inark8, 

geology preserves the record. Nature does not 
despise or forget the most trivial cause. (3) The 
ordinary mud and sand of our coasts nyiy be con- 
verted into crystalline rocks. (4) Tlie rocks which 
comx)OB6 the earth’s crust are sometimes subjected 
to enormous pressure, producing excessive com^ 
pression and distortion. 


tioli ot the earth in these early periods) Is it 
likdy that the world was vcdd durixig a long suio- 
oessioQ ci ages ? We have seen, from the teaohmg 
of the wave-marks, that durtng the Preoambrian 


epochs, the conditions of sea and land were not 
widely different from those which now prevail. Why 
should not Bsh have sported amidst those rippling 
waters, or why should not birds and four-footed 
creatures have left the imprint of their feet upon 
the smooth surface of the mud ) 

In reply to these questions, it may first be ob- 
served that all the evidence hitherto collected tends 
to prove that such highly-constructed beings as fish, 
reptiles, and birds did not come into being till 
much later perioda Fish are first known in the 
Silurian, reptile-like forms in the Carboniferous, 
and ^birds not earlier than the Trias. The life of 
the Cambrian period is not very advanced. The 
most conspicuous foims are Trilobites (Vol. I., p. 
346), beings which do not rank so hi$^ even as a 



IHg. ll.--eeotioiiolJlMO0n. (AfUr Carp0i^$r.) 


crab or Idbster. If, then, we choose to picture to 
ourselves the condition of the animate world in the 
Laurentian period, we shall vblate probability if 
we tenant the with the earth with reptiles 
and mammals, and the air with insects and birds. 


In looking for fossils in these ancient deposits,, 
we are met by a great difficulty. The Isnuentii^i 
rooks are highly ^^metamorphosed.” If the 
original sediments contained the remains of 
shells, corals, or sponges, the conversion of 
the beds into gneiss, mica-schist, and other 
crystalline locks would, under ordinary cii> 
cumstanoes, obliterate all traces of the fossih 
There is, however, no i^ason why the traces or 
remains of animals should not be preserved 
in quartzite and limestone. In Silurian 
quartzites the tracks and burrows of worms 
are not uncommon, but no evidence of life 
has yet been discovered in quartzite of un- 
doubted Precambrian age. 

With limestones the case is somewhat different. 
In the Lamentian rocks of Canada, a structuie has 
l)een discovered which such eminent scientific men 
as Principal Dawson and Dr. W. B. Carpenter believe 
to be an animal, and Dr. Dawson has conferred upon 
it the name of JSozoon CaTuxdeme, or the Canadian 
Dawnranimal (Figs. 10, 11, 12). This creature 



is supposed to be closely allied to the Foran^yfefO^ 
which are animals of the simplest structure, com* 
posed of a mere globule of a jelly-like substance, 
which resides in a minute shell, perforated with holes 
(ybmm<na,lmoethenamejF<>ramt^^ Through 
these holes the animal protrudes numerous filer 
ments of its substance. These mioroaoopic rfiells 
sometimes make up vast rock-masses of chalk; 
(Vol I, p. U, and Vol. Ill, pp, Tft, 80). 
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Our coiiBelttdiiig inquiry is. What was the popula- As to plant-life, there is no reaacm to 

if plants existed, they bad risen hi|^ in the seafar 
of oompleadty than the lowly sea^weed. 



Pig. 10.— Pngmeot of Pbeodii (K>t. SUo). {AfUr Dawton.) 
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grown together in a oolonj, aa in a 
ii{>oiige or oOi9(^09ii<i omd. 

Fig. 11 is an enlargement of a small section of 
the fdasil a, b, and o represent the chambers 
(three tiers in this specimen) occupied by the 
animal. They communicate with each other by 
narrow apertures, one of which is shown at c; 
a a are the walls bounding the chambers, and 
they are perfoiated by foramina, like the shells of 
those dimple foraminifera to which allusion has 


already been made; 6 b represents the inter- 
mediate skeleton, and at ci is seen a set of rami- 
fying tubes. The chambers a, b, and 0, originally 
^led with the jelly-like Bazo^ are now occupied 
by serpentino, and the intermediate skeleton, ori- 
ginally limestone, is now crystalline marble. 

EozoOfii if truly a fossil, is by far the oldest 
known animal, and in its structure is simplicity 
itself. It stands at the beginning of the known 
chain of life Man at the end. 


THE CESSATION OP LIFE. 

By Robbkt Wilsok, F.R.P.8., 

Formerly Lectwer on Anitnal PhyHology in il^e School of Arte, Sdinhurgh, 


^‘TvBATH,” says Jei'emy Taylor, meets us 
U everywhere, and is procured by every 
instrument, and in all chances, and enters in at 
many doors ; by violence and secret influence, by 
the aspect of a star, and the stink of a mist, by the 
omissions of a cloud, and the meeting of a vapour, 
by the fall of a chariot, and the stumbling at a 
atone, by a full meal or an empty stomach, by 
watching at the wine, or by watching at prayers, 
by the sun, or by the moon, by a heat or a cold, by 
sleepless nights or sleeping days ; by water frozen 
into the hai^dness or sharpness of a dagger, or water 
thawed into the floods of a river ; by a hair or a 
raisin, by violent motion or sitting still, by severity 
or dissolution, by God’s mercy or God’s anger, 
by everything in Providence, and everything in 
mannei's, by everything in chance, and everything 
in nature. EripUur persona^ niamt res ; we take 
pmns to heap up things useful to our life and get 
our death in jrmrohase; and the person is 
snatched away whilst the goods remain. .... 
The chains &at confine us to this condition are 
as strong as destiny, and immutable ^ the eternal 
laws of God.” The fact that death thus comes to 
m all sooner oi later, and that in its coming it may 
sever the thread of life without a minute’s warning, 
has naturaliy prompted thoughtful men in all ages 
to scrutinise dosely not merely its phenomena, but 
its causes. Although thmw is probably no other 
subject which has to a greater extent stimulated 
reflection, and which men of science have pondered 
in their mmds more carefhlly, there is hardly any 
about which it has been harder to set ior& ao- 
eurate and esdiaustive collections of fact, or just 
and adaqitate expknationg thereof Without going 


into a review of the myriads of conflicting opinions 
which have been bioaohed as to the act which 
marks the close of life, it may be said that certain 
signs of deatli are very easily recognised. These 
may of course referred to the conspicuous 
activities of the living body, those of which move- 
ment, heat-giving, and sensibility are the most 
noteworthy manifestations. If, however, we under- 
stand death to consist in the cessation of the vital 
eneigies of the body, it is necessary to study the 
cause of their continuance ere we can arrive at a 
proper conception of that u hich brings about their 
stoppage The rudimentary conditions of life in a 
body are of course to be found in a certain sti*eam 
of changes that flows through its parts. These parts 
grow and waste and grow again. If the waste 
be progressing more rapidly than the regiuwth, 
naturally a time comes when the organic changes, 
which support vital activities, cease, and thereupon 
it may be said that death supervenes. The life of 
any organism is made up of a series of interchanges 
between it and its surroundings, interchanges in 
virtue of which it assimilates from its environment 
that which is necessary to sustain it, throwing back 
into the medium in which it exists whatever |>or- 
tions of its substance it has broken down in the 
wear and tear of activity. At diffei^t periods the 
relation between the two sets of operations varies, 
and when the wearing exceeds the repaiiing by a 
certain proportion, life is extinguished. In two ways 
may this be brought about. Through long use the 
power of assimilation and regrowth may beomne 
so enfeebled that a living organism cannot extract 
from its suiix)undings vrhat is wanted to koep it 
sound and vigorotis. Or it may be that irhilst the 
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reoupemtiTf) strong enou^ the organ- 

ism's enviromiient is devoid of the mattm which 
are wanted for i*ebuilding its body. To use a 
flamiliar illustration, a man may starve in the midst 
of plenty because he cannot digest or assimilate his 
food Another whose digestive and assimilative 
powers are in excellent woi*king order may die of 
inanition, simply because he has within his reach 
everything but food. 

“life,” said tlie late Mr, O. H. Lewes, “is 
possible only under the neoessaiy conditions of 
an organism on the one hand, and an external 
medium on the other. It is the mutual relations 
of organism and medium which determine the 
manifestations we name life.” In the same way 
we might say that the real cause of death is some 
cardinal dislocation between the relations of or- 
ganism and medium, and that the causes of deatli 
are susceptible of twofold division into those out- 
side and those inside the oiganism. There is the 
waste impairing the. power of the body to feed 
itself. Then there is the constant absorption from 
the body's sun^oundings of nutiitive matters, which 
are year after year themselves modifying the com- 
position of the various organs of the frame, and not 
seldom depressing their ability to repair structure 
broken down in action. The process heie sug- 
gested is cumulative in its effect, and as it goes on 
it produoes the changes made outwardly visible in 
old age, changes which end in that “ bursting of 
tlie bubble” life in the sea of eternity to which 
Lucian lias finely likened the terminal act of death. 
Death, then, is not the enemy and destroyer of life 
so much as its natural outgrowth or i*esidue, for 
with its oncoming, though certain modes of ex- 
istence are terminated, certain others are begun. A 
fi»ir definition of death is this. It is the disruption 
of that relation between an organism and its 
medium, and between the various iiarts of an 
organism one with another, which not only en- 
abled the oiganism to live, but also enabled each 
of its pai*tB to work helpfully and harmoniously 
with the others. That there must be more than 
a mere disruption between the organism and the 
medium in which it lives to produce death is 
proved by cases of “ susiiended animation.” The 
frosen fiog is separated from the surroundings 
necessary to its Ufe, yet it is not the victim of 
death, for if thawed and put in fluid again it will 
live. Had, however, the relation of the various 
parts of which it is formed been so altered that 
they no longer played into each ether, then ot 
course life would not have returned afl^ the eon- 
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gelation of the creatura IVom 
it will not be difficult to infer that as Ihm ave tw^;^ 
kinds of life in the body^ so are ihere two kin^ of 
death. One life is that which is made up of 
cular changes of wearing and repairing in the 
tissues or rudimentary parts of oxganisms. Another 
is that which consists in the harmonious play of 
these parts in coiyoint working, a kind of life 
constituted by those bodily activities that ke^ up 
a material interdependence between the several poiv 
tions of an organic whole. When we strike a blow,, 
or even think a thought, we break up some mole- 
cules that build up our muscles or brains — in other 
words, we draw upon or spend a oeilain quantity 
of our store of molecular life, which is instantly 
replaced by a fresh supply. This spending, break- 
ing up, or “molecular death,” is Vm. necessary 
condition of all functional activity — an ideal dimly 
present to the mind of some of the old Englitdr 
divines, like Bishop Taylor, who, in his quaint 
treatise on “Holy Dying,” says “Every day’a 
necessity calls for a separation of that portion 
which death fed on all night, when we lay in hia 
lap and slept in his outer chambers. The very 
spirits of a man prey upon the daily portion of 
bread and flesh, and every meal is a rescue fronx 
one death, and lays up for another ; and when wo 
think a thought we die, and the clock strikes, and 
reckons one portion of eternity; we form our words 
with the breath of our nostrils, and we have the 
less to live uiwn for every word that we B|)eak.” 

But in addition to this kind of death, there is 
general death — a death of the system — systemic 
death as it is often called, which consists in the 
breakdown of that essential and harmoxuous inter- 
dependence of the various organs of the body, 
essential to the continuance of molecular life. 
For example, the supply of blood to the body of a 
man is essential to the maintenance of life ; and 
the connection between the apparatus which oireu- 
bites blood, and the nerve centres, is essential to 
the working of that apparatus. If we sever that 
connection, or in any other way destroy the action 
of the heait, we stop the blood-supply, and soon 
produce systemic, or general death, althou^ in 
the remote parts, and in the minute elements ot 
the tissues, a considerable amount of molecular life 
may, for a little while afterwards, continue to 
flicker feebly. Again, if by any ^dianoe, the 
minute component parts of an organ die, as is seen 
in the case of a fin^r or toe subject to gangrene, 
that limb inay,feoim molecular, or loo^ death, aotu^ 
ally rot away, without proddoing generid 
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or dekth the bodj ae a whole. There 


eie/however, oertaia particular organs, vital injury 
to wMcAdoee produce not merely local and moleoulw 
death iu the long nm, but systemic or general death 
almoet at once. These, as might be inferred from 
what has gone Ix^ore, are organs on whose mutual 
intw-aotion, on whose harmonious working with 
the body as a whole, and with 'each other as parts, 
systemic life, or the vital unity of the organism, 
depends. The structures in question are those con- 
oenied in the functions of respiration, circulation, 
and innervation, or the storing and distribution 
of nerve-energy. Thus it is that Sir Thomas 
Watson used to describe life as resting on a tripod, 
with lungs, heart, and brain for its three vital 
supports ; and thus it was that Bichat taught that 
the mode of dying might begin either at the heart, 
lungs, or brain. But it must be confessed that 
biain, heart, and lungs stand to each other in such 
dose mutual inter-dependence, that in practice it 
is hard to say that in every case of death one and 
only one is primarily concerned. Each is by 
injury affected in two ways: directly itself, and 
then indirectly, as the result of its injury, upon the 
others. For example, where the hurt that has 
produced death has been first of all one that fell 
upon the braih, we must keep in view that the 
cessation of vitality in the brain, or nerve-centres, 
^through the nerves that connect it with the res- 
piratory and circulatory systems, effects a derange- 
ment in their working, ^at in turn re-aots on 
the brain. By injury to that portion of the 
brain from which come the nerves that supply 
the muscles of respiration, breathing is hin- 
dered, if not stopped. The blood is therefore 
not prcqperly oxidised and ptirified, and both 
brain and heart being therefim supplied by blood 
that is not oxidised and pure, have in turn 
their functional activity impaired and ultimately 
destroyed. In the same way a fatal wound of the 
heart, by depriving the other two oigans of their 
blood-supply, kills them. Indeed, such is the inter- 
lacement of working in the three oigans in question 
that although the real cause of death is injury to 
one, what Bichat calls the mode of dying is made 
manifest through the functions of another. A man 
may die, to all appearances, teom suspension of the 
activity of the lungs. Yet, on examination, it 
might be found that it was not any injuiy to these 
structures tihat produced death, Imt, in reality, ah 
iiyuxyto the brain or spinal marrow which supplied 
the breathing apparatus with that nenre power 
whtcili is one of the essential oonditions of its work- 
128 
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Hence it is that when a surgeon is confronted 
with a case of spinal fracture (‘‘broken back”), 
the breathing of the patient is one of the first 
things he looks to. If respiration is seen to stop 
suddenly after the injury to the upper part of the 
backbone, the surgeon at once infers that the 
breakage is somewhere in the neck above the point 
from which what ore called the “ phrenic nerves,” 
or those that supply the respiratory muscles, 
emanate. Boughly speaking, the mode of dying 
may be distinctively set forth thus : — When the 
fatal injury strikes the heart, death is said to l>e 
due to syncope. If the lungs are the seat of the 
death-blow, death is said to be due to asphyatUt. 
If the brain be primarily attacked, death is said to 
be due to coma. 

Generally speaking, all the energies and activities 
of the living body are traceable to processes of tissue- 
oxidation. The breakdown of the tissues of organs 
is the manifestation of work, and it is always asso- 
ciated with their decomposition through union with 
the oxygen, carried to them from the lungs by the 
red ooiqmBcles in the blood. A certain broad classi- 
fication of the causes of death has ■ therefore been 
based on this idea. General, or systemic, as well as 
molecular or local death, may in the long run be 
Bind to be referable to hindrances in the way of 
oxidation of tissue. A want of material to be oxi- 
dised, or of the inorganic substances essential to the 
maintenance of that material in proper oxidisable 
form, the failure of a due supply of adequately 
oxygenated blood (blood capable of carrying on the 
oxidising process), and the absence of the chemical 
conditions essential to that process, will all biing 
about both general and local death, which latter is 
often called “ mortification,” or gangrene. But it 
must again be insisted on, that the presence of any 
bne of these hindrances to oxidation soon brings the 
others into active operation — so closely bound to- 
gether are they all in their working. Taking the first 
of the general causes of systemic death, deficiency 
of material to be oxidised, we may say that it is but 
seldom the most obvious cause of death. Impaired 
nutrition leads to a diseased condition of one of the 
three great vital organs, heart, lung, or brain, where- 
upon it first works with difficulty, and ultimately 
ceases to work at all, thus bringing about deatk 
Although some maintain that death from hunger is 
due to the loss of animal heat in the first instance, 
yet there are others who hold that the want of' 
material in the starved body for oxidation causes 
cessation of the heart’s action, which is thus the 
near, though not the remote cause of death; 
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Witih vegKtA to deatii which is 4u6 to a defect!^ 
supply of oKidised bloody move must be said. 
There may be an absolute depletion of the blood 
tiiroui^ut the body, owing either to one of 
the great vessels having been opened and fiktai 
httmon*hag6 ensuing, or to a complete breakdown 
in the propelling organ — ^the heart The want of 
srtmfd blood, too, flowing into the heart, deprives 
it of its natural stiznulus to contraction, and the 
sufferer perishes from syncope. The circulation of 
the blood may also suddenly come to a stmidstill, 
and thus out life short For example, the mAin 
arterial trunk of an oigan may be closed either by 
a ligature, or by a clot, or the veins in another 
organ may be stopped up, the result being the local 
death of both organs, and, if they or either of them 
be vital, the general death of the body as a whole 
soon after. A cause of sudden arrest of the circula- 
tion and, therefore, sudden death, is pressure on the 
heart or great vessels leading to or from it, a 
pressure which may be due to a tumour growing in 
the chest cavity. The sudden stoppage of the action 
of the heart itself, which produces death, may be 
due also to a blocking up of the ^‘coronary ar« 
teries ” which supply the tissue of this organ with 
blood, for, of course, when deprived of oxidising 
materiid the heart ceases to live and act. Again, 
the heart may cease to beat because of irritation — 
that is to say, over-stimulation of that part of the 
nervous centres from whence spring nerves which 
^^ootttrol,” or exercise an inhibitory power ovar, 
the great blood-pump. In such a case it is sup- 
posed the control’* becomes pressed so far as to 
destroy action altogether. In either case, however, 
the prominent fact is, that the heart is so injured 
that it ceases to propel blood throughout the body, 
and death is due to a defective supply of 
vitalising fluid. Then, although there may be a 
plentiful snpifly of blood, it may be of the wrong 
kind. In other words, the blood circulated may 
be impafectly oxidised ; and, therefore, for prac- 
tical purposes, may rank as no blood at alL 

An impure blood-supply may originate in a great 
variety of ways. There may be either some obstacle 
to the absorption in the blood of oxygen breathed 
from the air into the lungs, or the air breathed 
may not have a proper amount of oxygen itself. In 
either case we are apt to have death from atphyooia 
produced. Familiar illustrations of these two 
methods of death are closure of the polmonaiy 
passages by the hangman*8 cord, by drowning, by 
pressure from tumours in the chest or throat, by 
spasmodic contraction of the narrow atit in the top 


cl windpipe, called the glottis, or Ity destrii^^ 
of the tissue of the lung itself by ocinsumptjcsL 
Then, again, another cause of dafr^ve oaddatioi^ 
which in turn produces death by aipkj^me^ is au 
arrest of the respiratory movements in virtue m* 
which blood is oxidised by air being breathed into 
the lungs. One common cause of this is some 
iiyury to the respiratory nervecentre, the *<medulla 
oblongata,” where the nervous supply for the 
organs of respiration emanates ; and this ixyury 
may be caused by disease of the nerve-tissue, or 
by defective supply of oxidised blood to it, or 
the supply being impregnated with a paralysing 
poison such as chloroform. Spasmodic contractioil, 
or fixture of the muscles of the chest, caused by 
the disease known as tetamts, or *^lcok}aw,** or 
produced artificially by strychnine fSoispning, will 
also, as will mechanical pressure on the chest, 
put a stop to the movements of respiration. 
Death will thus be caused by a hindrance to 
the entrance of oxygen, and therefore of a proper 
supply of oxygenated blood to the tissues of the 
body at large. The supply of oxygen may also be 
cut off by a process of expulsion, that is to say, the 
victim may be consigned to an atmosphere in which 
the place of oxygen is gradually taken by another 
gas. A familiar illustration of death so caused is 
suicide by means of charcoal fumes. Every crack 
and crevice that might admit air is carefully stepped 
up in the suicide’s chamber, and the bnuder ot 
diarooal lit As combustion goes on, carbonic oxide 
or ** cai*bonic acid gas ** is giudually evolved. It 
takes the place of the oxygen in the atmosphere of 
the room, which is consumed, first by the victim, 
secondly by the burning charcoal. As carbonic 
oxide and carbonic add are left, and as ndther 
is a supporter of life, death by suffocation is 
Uie spe^y result With regard to death due to 
interference with the conditions necessary for the 
oxidising processes, very little is known. It may 
be ooi\jectured that even when there is enough of 
material ready to be oxidised, and^ plenty of Uood 
ready to oxidise it, the oxygenating process will 
not go on in the absence ot certain ot^er conditions. 
A given mean temperature of the body is one of 
these, and any very great rise or fall in the normal 
temperature of the body most assuredly produces 
death. In other words, such alteratkma cf tem- 
perature are incompatible with the canying on of 
that ^chemical interchange between the body and 
the oxygenated blood which is essential to lifo< 

As regards the signs of death, distinetion may be 
made between apparent death and real 
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d^tb is marired l^jr ir^niqplomB wbioh 
feU&iy pess at idn of the action of heart, braini and 
Im^ death is indicated bjr something more, 
namely, anest of nutrition and absence of contrac- 
tility, and the commencement of decomposition In 
all ages a belief has prevailed that it is so difficult 
to distinguish real from apjiarent death that people 
run a certain risk of being buried alive. No doubt 
in hot countries, where by law interment must take 
place within a few hours alter life has passed away, 
this risk may not be altogether imaginary, and many 
stories of premature interment have in such places 
been put on record. The state of trance is, as we 
all know, suspiciously like death, and though it is 
not death, one sudbring from it may be buried by 
a mistake. Sir Claude M. Wade gives an account 
cf an Indian Fakeer who was buried in an under- 
ground cell for six weeks under strict guardianship, 
and who, on being twice during that time exhum^ 
by order of Bunjeet Sing, was found with his body 
in precisely the same position as it was when in- 
terred. Stranger still, he was restored to life again 
when finally dug up. Lieutenant Boileau, in his 
“Tour through the Western States of Rfywaira,” tells 
a story of a native who was brought to life after being 
immured for ten da3r8 in a grave lined with masonry, 
and covered trith huge slabs of stona In both 
oases when the bodies were brought to the surface 
their appearance was corpse-like. A patient of 
Professor Louis was said to have been found the 
day after her supposed death in such an attitude 
as led that eminent physician to conclude that she 
had recoveiod, and died in struggling to free her* 
self from her winding-sheet But this infei^noe is 
strained, because it would be quite possible to 
account for the altered position of the body by 
movements due to the evolution of gases within 
the body itself, to which cause are also to be traced 
the changes in position which have led credulous 
persons to affirm that the bodies have turned in 
their coffins after they were put under ground. 

But with regard to all such exceptional in- 
stancea we may say that only gross carelessness 
could confound real with apparent death. The 
one is to be distinguished from the other by 
signs due, not merely to cessation of vital and 
organic functions, but to certain changes in the 
tisBues that are incompatible with life. Of course, 
loss of sensibility is not in itself a trustworthy 
indioation of death. But arrest of respimtion 
followed — ^not preceded— by stoppage of oircula- 
tion, and that in turn followed by loss of sensi- 
affords tolerably safe proofe of real death. 


The only Maoy that taints this kind of avidenoo 
is that respiration and circulation may be so re- 
duced to a vanishing point, as in trances, that 
we are unable to detect their operations, or diff- 
tinguish between the minimum of their activity 
and their total annihilation. Laborde has pro|)08ed 
as a test of death that in cases of doubt a needle 
should be plunged into a muscle and kept there for 
twenty minutes. If on withdrawal it is bright, life 
is extinct If, on the other hand, it is rusted, 
that is, coated with oxide of iron, the inference is 
that oxidation is going on and that “molemilar life’’ 
is still flickering in the body experimented on. A 
rough-and-ready test is to tie a thread tightly round 
one of the fingers of the body. If below the ligature 
the tissue reddens, life is still present. If it does 
not redden, death has set in. 

But of all the changes wrought by death in the 
bodies of the higher animals there are four 
which are eminently characteristic. These are 
absolute loss of muscular contractility and animal 
heat, rigidity, or rigor mortis^ and putrefaction. 
The loss of muscular contractility must, however, 
be absolute to be trustworthy. The muscles 
should refuse to contract even when electricity 
is applied to tliem, and it must be kept in 
view that it is not till some variable time after 
death has occurred that this vital property of 
muscle is lost After the muscular system loses 
its contractility, the next, and one of the most 
infallible evidences of real death, is the rigor 
mortis. In this condition every muscle in the 
body is, within from one to twenty hours after 
death, stiffened and contracted in length, and 
so it remains for from twenty-four to thirty-six 
hours. With regard to the cause of rig<yr mortis 
a great conflict of opinion has existed for many 
years. It is known that whenever a muscle is 
removed from the blood-current, or when it is out 
out of the body altogether, it passes into this con- 
dition just before it begins to decompose. Heat 
appears to hasten the on-coming of rigor mortis^ and 
cold retards it. If the circulation can be kept up 
in a dead muscle artificially the rigor will be 
deferred. If, however, the blood so injected oon- 
tains no oxygen it will oome on as usual ; hence 
the presence of oxygenated blood in the mus- 
cular tissue prevents the rigor from setting in. 
As to the actual condition of the tissue itself 
during the death-rigor, the most geneitilly accepted 
view is that the minute hollow fibres, or tubes, of 
which muscle is composed, have their contents 
coagulated, and that the “ clot,” like that of blood, 
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when formed contracts. It is rather in accord with 
this view that a muscle can be reclaimed from 
rigor mortis by injection of blood before, but not 
after, coagulation has oocurred. But the most 
chai'acteristic indication of real death is decomposi- 
tion, for it is not until 

“ Death's effacing fingers 
Have swept the lines where Beauty lingers/’ 

that we can be certain tliat the King of Terrors 
has irrevocably claimed his victim. The first in- 
dication of putrefaction is a process of oxidation 
under the influence of ferments, and the condi- 
tion most favoumble to it is an atmosphere which 
is being constantly renewed and kept at a teru|)era- 
ture of from 60'’ to 90^ Fahr., and hence in a room 
with open windows, decomposition, conti'ary to 
the ix)pular belief, sets in more rapidly than if 
they were kept shut. In an atmosphere of nit!*o- 
gen, oi* of carbonic acid gas, putrefaction goes on 
slowly, and though it is slower in water than in 
air, it is rapid if the water be of a tempei*ature 
of from 60^ to 68‘' Fahr. One of the most 
notable phenomena of putrefaction is the evolu- 
tion of gas — chiefly carburetted liydi’Ogen — not 
only under the skin, but in every part of the 
body where there is room for its lodgment. This 
expulsion of gas not oidy distends the cavities of 
the body, but often causes the. limbs to shift their 
position and simulate in death life-like movements. 
Amongst other effects it produces is tlie proptdsion 
of whatever blood may remain in the capillaries 
into the tissues, which are thereby reddened as if 
they had been inflamed. The loss of animal heat 
occurs in from eight to twelve hours after death, 
but the body is slower in cooling after acute 
than after chronic diseases, and in death by hanging 
and from carbonic acid gas poisoning, the corpse will 
not cool under twenty-eight or forty-eight hours. 
A strange occurrence is the increase of heat after 
death in some dead bodies. Of such exceptional 
cases the most probable explanation is tliat the 


jiassing away of animal heat due to death has been 
so slow that putrefaction has set in before the pro- 
cess was completed. The chemical changes wrought 
by putrefaction evolve a certain amount of heat, 
and this, added to the animal heat, which has not 
yet left the body, would cause that evolution of 
warmth in a cor{)se which has more than once 
astonished physiologists. 

Much might he written of the phenomena 
of dying, of the pinched grey face and lustreless 
eye that chaiucterise the “facies Ilippocratica,” 
or death-face described by the greatest of the 
old masters of medicine; only this is haidly the 
place for it. The beatific visions of the Saints, 
the strange “last words'' of hei*oe8 and sages — 
the “ Light — more light I ” of Goethe, the “ Cover 
me with roses and let me sleep " of Mii*abeau ; 
Nai>oleon's “ T^to d’arm^," Stonewall Jackson’s 
“ Let us cross over the river, and let us rest 
under the shade of the trees ; ” the “ Gentlemen 
of the jury, you will now find your verdict " with 
which a celcjbrated judge jiassed away to face a 
Tnbunal higher than that over which he jiresided, 
and the “indistinct words about Italy," that hovered 
on the d 3 HLng lips of Cavour, all suggest speculations 
at once curious and solemn. But it is necessary 
to procetid to the practical inference denvable from 
what we have been able to study of the causes of 
death. This inference is that the act of dying is 
in itself painless ; that the moment the bmin is 
aflected, either directly, or indirectly through injury 
of the other two props of the tripod of life, death 
has lost the sting of physical agony. It is well 
known that peoj)lo who have been rescued from 
drowning, and who have just passed within the 
entrance of the valley of the Dark Shadow, describe 
their last conscious moments as jminless ; likening 
them indeed to those that usher in a soft and 
jdeasant di’eara ; one which passes into the deep 
dark sleep with which, as Shak8|>ere says, our 
life on earth is rounded oE 
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A DISEASED POTATO. 

By Wouthinoton Q-. Smith, F.L.S., me. 

Meitibtr ofOu Scientijk Ommittu, Boyal BiMeuUmml SocUtn. 


P OTATOES have probably for an almost in- 
calculable time been subject to the destruc- 
tive murrain popularly known as the ‘‘potato 
disease.” The murrain is by no means conhued 
to the edible potato, for it attacks various members 
of the potato family. Of late yeans the tomato 
has been so badly attacked by onslaughts of the 
murrain of the potato, that in many quai*ters 
tomato - culture has been midered imiiossible ; 
time after time the entire crop has been swept 
away by the distemper. Neither does the i>otato 
disease confine itself to the largo family of plants 
(SdarMcew) to which the potato itself belongs, but 
it attacks and destroys different members of several 
allied oixlers of plants. Nothing can be more 
fallacious than the supposition tliat the potato 
disease is of comparatively recjent origin ; plants 
suffered from veiy similar diseases when the entire 
conformation of the world was quite different from 
what it now is. Even in the remote carboniferous 
epoch of geologists plants were affected by a similar 
malady, for fossil plants have been found in the 
coal measures with their tissues corroded and dis- 
organised by a fungus hardly to be distinguished 
in external cliaractoristics and microscopical details 
from that which causes the potato disease of the 
present day. 

Tlie year 1845 is memorable for a terrible 
acceleration of the murrain over England, and 
indeed over the whole of Western Eiu’OjX) ; and this 
acceleration was led up to step by step during many 
previous years. In 1830 (.Terman jxitatoes were 
attacked by rot, and in 1844 the disease was 
sufficiently developed in Belgium for Dr. Moireu 
to describo its nature. In 1844 the potato murrain 
appeared in its most virulent form in Canada and 
the northern parts of the United States. 

At the time of the outbreak in England it was a 
commonly i^eceived opinion with agriculturists that 
the disease amongst potatoes was owing to the 
use of Peruvian guano, Tliis opinion, however, 
received no sup|)ort from men of science, and 
it has no support now, although some farmers 
at the present day are inclined to favour it. 
There may jiossibly be a grain of truth after 
all in this curious old idea, for it is now well 
known that the secondary condition of the fungus 
of the potato disease hibernates best in a material 


like guano, especially when that material is in the 
“greasy paste” condition so often describcHl in 
works on the Guano Islands. From 1841 to 1851 
more than one million tons of guano were imi>orted 
to this country alone fi'om the Ohiucha Islands ; in 
other words, the guano cume from near the immediate 
home of the potato plant and the home of the potato 
fungus, for the fact is undoubted that tlio murrain 
and its accomjmnying fungus are natumlly exotic, 
like the potato itself. Potatoes being exotic, they 
of necessity lead in temiierate climiitos a soinewliat 
artificial life ; they have to bfj nursed and carefully 
looked after ; consequently the muiTaiu easily gets 
a stronger hold upon them tlian it does on the 
hardy wild jjlants of our hedges. As an example 
of this, reference may be again made to the tomato, 
another tender plant which with us has to be 
niu*sed. The potato disease will spread from the 
tomato to the potato and from the potato to the 
tomato with great rapidity and with deadly effect, 
whilst the robust near relation found in our hedge- 
rows, the common bitter-sweet {Solamtvi (lulcamara)^ 
will resist the disease, or if infected will throw it 
with ease ; the latter plant is hardy and has 
a sti’Oiig constitution, whilst the two former are deli- 
cate and suceuinb at once. If, however, the potatoes 
and tomatoes are grown in gi’oiuihouses with an un- 
varying temperature they seldom fall victims to the 
niurmin; they are then, in fact, like delicate j>or.sons 
kept indoors, out of cold, fog, and infectious matter. 

At the present day every person knows some- 
thing of the external aspect of diseased potatoes. 
Persons who live in towns know the diseased 
tubers, as they are sometimes placed upon the table* ; 
house- wives know bad potatoes by tlieir corroded 
and brown inner substance, and cooks with sharp 
eyes know the disease in a moment by a slight dis- 
colounition of the superficial skin of the tuber — a dis- 
colouration also well known to farmers, agricultural 
labourers, and those botanists who have made a 
study of vegetable pathology. Dwellers in towns 
are less familiar with the murrain of potatoes as 
seen in bur cultivated fields ; potato growers detect 
the flagging of the first leaves, the api>earance of 
black spots on the foliage, and a faint putrid odour 
belonging to the decaying plants. The attack of 
the murrain is often so rapid as to keep growers 
of large quantities of potatoes in a state of continnai 
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nerrottsneas. A field of apparently healthy With the foregoing remarks we may leave oar 
plants of one day may succumb the next, and brief history, statistics, and account of the external 
every plant be prostrate on the ground. This is aspect of the potato munainf and address our 


frequently equivalent to a losh of many 
thousand pounds to a single individual. 

The annual average commercial value of 
potatoes in Great Britain is more than 
£13,000,000, and the loss from the mur- 
rain is often 50 per cent. ; by these figures 
some idea may be obtained of the magni- 
tude of our annual losses. One would 
think from a consideiution of circum- 
stances like these that some conference 
of com|)etent botanists might be held with 
advantage, and some stef>s be devised to 
stay the ravages of so terrible a destroyer. 
Our cultivated fields ai*e now quite as 
much neglected as our streams and rivers 
were in former timea Badly cultivated 
places swarm all over the country, and 
these places are in many instances the hot- 
beds of the diseases which afflict our 
culinary plants and cereals. 

The potato murrain is commonly at 
its worst during or soon after the storms 
of midsummer or early autumn ; it spreads 
with deadly rapidity dunng close, “muggy” 
weather, when the fields are half hidden 
with mist or wet with warm mns. One 
first sign of incipient disease (lurking 
within the tissues of a potato plant) is an 
unusually dark green colour of the leaves. 
This deep tint is often a certain indication 
of a coming bad attack of disease. When 
a virulent attack of the distemper descends 
upon the potatoes, the bushy green plants 
of one day may be leafless the next, and 
nothing left above ground but blackened 
stalks. In a more moderate attack of the 
murrain the leaves will be blotched and 
distorted, and the blackened patches will 
be covered with a delicate and veiy fine 
white bloom. This bloom is much finer 
than the down which grows upon the 



potato plant itself, and is in appearance 
not unlike the bloom or mould so com- 


Flg. 1.~-Fiingii8 of the Potato Hurraia (P«rono«pora infutam) emenring from 
the etoroata or organa of transpiration of the Potato leu. (Bmirged 150 
Oiameters.) 


monly seen on stale paste or jam, but 
still it is finer in all its parts and altogether more 
delicate in appearance. This fine and almost in- 
visible bloom is the “ fungus ” of the potato disease. 
It invariably accompanies the disease, and every 
competent observer considers the fungm. to be the 
undoubted cause of the disease itself. 


selves to a close examination of the disease itself as 
revealed to us under the higher powers of the 
microscojH}. 

We will take a diseased leaf on which there is 
one of the well-known dark discolorations, with 
its accompanying white bloom. If we look at this 
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Uoom with a very strong lens we shall still see 
nothing but a line bloom, ton or twenty times finer 
than the hairs belonging to the leaf of the potato 
plant. So small is the bloom, or fungus, in all its 
parts, that though every thread is branched and 
Tamihed like a tree, yet it commonly happens that 
the heii^t of the fungus above the leaf is less than 
tlie thickness of the leaf itself. At a. Fig. 1, is 
shown a minute portion of a potato leaf seen in sec- 
tion and magnified ten diametera a shows the 
thickness of the lamina of the leaf ; b b, hairs on 
the leaf ; o, three sprays of the fungua This small 
diagram will give an idea of the extremely minute 
proportions of the fungus we are now dealing 
with. 

As very little can be learned from an examina- 
tion of the potato fungus with an ordinary lens, we 
must seek the aid of the microscoiie for further 
magnification. When a somewhat high |X)wer is 
usetl — 150 diameters — the fungus of the })otato 
murrain stands l)efore us as in Fig. 1. The fungus 
has had more than one name, but it is now univer- 
sally known as Perononpora in/estans ; it is colour- 
less, and its a]>pearance under the microscope is like 
spun glass and transparent ; its ramifications or roots 
are within the jKitato leaf, between the up^^er and 
lower sui-faoes, and the sprays of the fungus grow 
out of the mouths or organs of transpiration of the 
leaf. The structure of leaves, with their stomata, or 
mouths, has already been explained,* so that nothing 
further regarding the physiology of the leaf need be 
adverted to here. At d, n, d, in Fig. 1, may be 
seen the mouths of the leaf in section, and, emerging 
from the inside of the leaf outwards, the spiuys of 
the fungus, B, E, £. As the sprays grow, joints or 
septa appear in the threads, as at f, f, f, and 
minute branches are thrown out in all directions 
from the main stem of the fungus ; these branches 
temporarily and repeatedly rest, as at o, o, o, and 
when the growth is continued the new piece swells 
at the base, o, g, q, as if in an attempt to form one 
of the apical swollen oonidia, spores, or seeds, us at 
H, H, H. A terminal spore has been formed at J, 
but the renewed growth ot the fungus thread has 
pushed it off, and the stem of the parasite has 
then grown on to k. The spore, k, has been 
again pushed aside by renewed growth till l has 
been reached, when at that position a third ter- 
minal spore has been formed. These terminal 
bodies, h, h, h, perform the part of seeds, and 
reproduce the species, though they are not real 
seeds, or even spores in the true sense of the term, 
t ** Soienoe for All,** VoL I., p. 19. 


Sometimes one will open and grow whilst it is still 
on the mother stem, as at m ; at another time a 
fallen piece of the fungus, as at N, will open at the 
side, and rapidly form a new plant. 

Till within the last five years, and during the 
previous thirty years, an impenetrable mystery 
had hung over the fungus of the potato disease, 
in fact ever since tlie fungus had been known 
and examined by competent botanists. The deep 
mystery related to its sudden appearance and its 
equally sudden disap|>earunce. It generally came 
suddenly in July, and then increased and mul- 
tiplied with such extiiiordinary rapidity that in 
a few days it would cover the whole of North- 
Western Europe, but in September the fungus 
vanished as mysteriously and suddenly as it 
came, and no one knew whence it had come or 
whither it had gone. It was strongly suspected 
that the fungus existed in some other form, in a 
larval, chrysalis, or resting-seed form ; but the 
detection of any such secondary condition of the 
fungus defied all the eyes and all the microscopes 
in the world. Botanists everywhere were inces- 
santly looking for a secondary state of the fungus, 
and the result was invariably nil. One person only, 
a French physician named Bayer, once saw some 
mysteiious bodies in decayed i>otatocs which he 
could not understand. These minute organisms he 
transfeiTed to Dr. Montague, who in turn for- 
warded them to the Rev. M. J. Berkeley. This 
latter gentleman at once published his belief 
that the bodies, impeifect as they were, and un- 
attached to the potato fungus proper, were no other 
than the hibernating germs of the fungus of the 
potato murrain. From lack of sufiicient material, 
Mr. Berkeley was unable to give any actual proofs 
of the correctness of his ideas, but from his first 
printed opinion he never departed. Mr. Berkeley 
fortunately preserved the s|>ecimens between pieces 
of talc, but no other pereon could ever again light 
on the mysterious bodies once found by Dr. Rayer. 
Now, the year 1875 was a terrible year for the 
potato disease ; instead of api>earing in J uly, it was 
upon us in May. Horticulturists bewailed tlie 
advent of a “new disease’’ of jx^tatoes, and 
specimens of the “ new disease ** were sent to 
the writer of these lines for examination. The 
“ new disease ** proved to be the old disease in 
disguise, and whilst the writer of this notice was 
one night examiidng and re-examining the early 
and abnormal development of Peronospora infeatamy 
some of the round b^ies, as originally seen by Dr. 
Rayer, were suddenly displayed before his eyes 
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on the field of the microscope; they were not 
outside the potato leaf, but within the tissues, and 
they appeared as at p, p, p. Fig. 1. Many of the 
small bodies had a still smaller one attached to them, 
as seen in the diagram. They might have been 
easily overlooked, as they were transparent, and 
exactly the same in size with the constituent cells 
of the leaf, as seen at q, q, q. 

But 150 diameters is insufficient to show the 



Fig. 2.— 'ICiMentilil Parti of the Ftmgui of the Potato Mnrraiii. 

(Enlarged 600 duuneten. ) 

nature of the more minute portions of the [lotato 
fungus ; so in Fig. 2 all the essential parts of tlie 
fungus are further enlai'ged to 600 diameters ; 
one of the apical conidia, or non-sexual cells, 
equivalent to a spore or seed, is shown at a. 
This organism has a very shoH existence; it 
grows by throwing out a tube or thread, as at 
B ; this thread is the beginning of a new plant, 
and should the germination take place upon a 
potato leaf, the protruded thread will pierce the 
leaf, and force its way amongst the leaf-cells, and 


soon corrode and discolour every part of the leaL 
Tliis fact of cell - corrosion and piercing by 
contact is one proof that the fungus is capable of 
catmn^ the disease. Sometimes, however, the ooni* 
dium does not burst at once, but a process of difie- 
rentiation goes on inside the seed-like body, remind- 
ing one of crystallisation, although crystallisation ia 
really a widely difierent phenomenon ; the interior 
mass becomes divided into from three to eight or 
more nucleated jwrtions, as shown at c. Ultimately 
the conidiura o^iens, and now discharges these }K>r- 
tions as iiregularly oval bodies, d. These latter small 
organisms soon perish, unless they fall on a suitable 
matrix. If moisture is applied to them they 
quickly develop two lash-like tails or fiagellae, as at 
£, and sail quickly about in all directions. When 
they fall on a potato leaf, they enter the stomata or 
mouths, and open or germinate within the leaf,, 
corroding all the parts they touch. At length 
these small bodies, named zoospoi'es — because they 
look like living seeds — go to rest^ open and throw 
out a thread or tube, as at f. Sliould the germination 
of a zoosi)ore (which has rested) take place upon a 
|x>tato leaf, the protruded tliread penetrates and 
corrodes the leaf at once, and the tiny tube is the 
beginning of another new corrosive plant of the 
potato fungus. One spray of the fungus is capable 
of producing a thousand of these zoospores, and as 
theie are hundreds of thousands, or millions, of 
mouths from which these sprays emeige on every 
{K)tato plant, there are, as a consequence, thousands 
of millions of zoos|x>re8 produced on eveiy infected 
plant. A field of potatoes therefore, on a wet day, 
with the damp leaves fiapping together, is like an 
almost illimitable sea, full of reproductive bodies, 
these bodie^i being on the plants, on the ground, and 
sailing thi'ough the air. 

The above facts have been more or less surmised 
or known for the last thirty years. Mi. Berkeley 
mode the original observations on which all after- 
work has been grounded. Tbe knowledge of the fact 
of the zoosix)re8 being motile in water, and furnished 
with lash-like tails, is due to Professor De Bary, of 
Strasbouig. 

It is now time to revert to the minute bodies 
first seen in the tissues of diseased potatoes by Dr. 
Bayer, and then by the wiiter of this essay. 
One of the first things done by tlie writer was to 
compare the new with the old specimens. This 
wos^ satisfactoiily done, and the two sets of speci- 
mens were found to be identical, with the excep- 
tion that Dr. Bayer^s bodies were furnish^ 
with a few minute projections or sptnesi which 
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in the process of growth the newly-found indivi- 
duals very quickly produced, so that the two 
sets of bodies were acknowledged to be the same 
in every way. Both series of examples are pre- 
served for examination. 

These intercellular organisms are, as was at first 
oorrectly sunnised by the Kev. M. J. Berkeley, 
resting-epores, or bodies whose office is to continue 
the existence of the parent fungus in a state of rest 
or hibernation for a long i>eriod of time. When 
that period comes to an end the re8ting-8{K)res 
open and grow, and produce new conidia ; these 
seed-like conidia get blown by the wind everyw^here, 
and such as fall on to healthy potato plants in- 
fect them at once with the munnin. One plant 
then rapidly infects another, so that from only a 
few centres the disease may cover one -quarter 
of the world in a few days. How this state of 
things comes alwut, and how the additional know- 
ledge which accounts for the sudden api>earanee 
and disappearance of the potato fungus was ac- 
quired, will now be explained. 

At G, Fig. 2, is shown one of these resting-si>ore8 
in an early condition. Dr. Bayer merely observed 
the larger of the two bodies, one of which ’s here 
seen in contact with a smaller one ; the larger one 
is the egg, the oogonium or female ; but in tin? 1875 
specimens, the second body — the antlieridiurii, or 
male organism — was abundant. The oogonium can 
reproduce the potato disease without the presence of 
the antheridiiim ; but to lu'odiice a true zoospore, 
resting-spore, fertile seed, or impregnated egg of the 
potato mun^ain, the antheridiiim must come in con- 
tact with the oogoiniiin, os seen at g, ii. At the time 
of contact the antheridium H thrusts a minute beak 
into the wall of the oogonium, and the contents of 
the former pass through the beak and mingle with 
those of the lattcjr ; the antheridiiim then perishes, 
and the beak is left in the side of the oogonium. 
When these curious observations wei’e first pub- 
lislied by the writer, although they accorded with 
what was known of allied plaiita, the statements 
were challenged in nearly every quartei’, esjiecially 
in Germany. The resting-spores were said to belong 
to any plant but the fungus of the potato disease ; 
some Professors said one thing, other Professors 
said anotlier, and no one Professor agreed with 
Ilia fellow. The Royal Horticultural Society of 
England, however, expi*e8sed the decided opinion 
of its Oouncil, aw'arding the writer of this 
ariide the Knightian Gold Medal of the Society. 

Ho secret was made of the details of the discovery, 
as fiill particulars were published of how the pro- 
124 


duction of the resting-spores might be accelerated 
under a certain cultural treatment of the infected 
potato plant. The instructions were followed by 
several English botanists; some of these raised a 
crop of reating-spores, whilst others, less foi tunate, 
got nothing. 

The possessors of the sjiores were now in a great 
difficulty, for they were entirely in the dark as to 
the pi’oper mode of treatment. No one knew 
whether the spores ought to be kept dry in the 
air, or wet in water, or whether they would rest 
for a week or for a year or for an indefinite numl^er 
of years. Meantime the dispute as to their nature 
was raging in a disagreeable manner both on the 
Continent and in England. No amount of mging, 
however, would make the spores germinate, or 
make them show any signs of life ; in fact, it 
was not quite certain whetlier the resting-8i)ores 
were alive or dead. At length the Great Hereford 
Fungus Meeting took place, in October, 1875. 
Here a small phial of water was , produced, in 
which resting-s[)ores had been bottled and sealed 
up since the previous May. With breathless 
anxiety a microscope was set in order, tlie bottle 
opened, a test-tube inserttjd, and a drop of the 
water ])laced under the micro8coi>e. To the 
joy of all present, the resting-spores appeared to 
be alive and well ; they had grown somewhat in 
size, as at J, Fig. 2, bad produced a few more 
spines, and were now pale brown in colour, instead 
of transparent, as at first. The jdiial of water 
with the sjiores was again sealed up, and the con- 
tents kept for future observation. 

Tlie decayed potato material containing the 
resting-spores was kept for a whole year, mostly 
in water or moist air. To keep such very 
minute organisms as the resting -spores alive, 
and free from the atbicks of enemies, animal 
and vegetable, for an entire year, was a matter 
of the utmost difficulty. Imuimerable prepara- 
tions had to bo made, and these preparations 
watched almost night and day with the mioi*o- 
BCoj>e for one year. At length, after tlie weary year 
had elapsed, the resting -si>ores (now distributed 
over various parts of Great Britain) simultaneously 
showed signs of renewed life. From being trans- 
parent, as they were at first, they had become 
deep brewn in colour ; and they had also increased 
in size, and begun to crack their outer coats, as at 
K, Fig. 2. The anxiously-waited-for end of the 
tedious observations was now at hand ; some of 
the resting-spores opened, as at l, and protruded a 
long tu1>e or thread. This, on being placed on 
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fresh potatoes, at once corroded the tissues and 
reproduced the fungus of the potato disease. Other 
of the resting-spores opened, as at M, and instead 
of protruding a tube, they discharged a number of 
zoospores, which sailed out from the inside of the 
spores like so many swimming seeds. These latter 
bodies s})eedily came to I'est, opened, threw out a 
thread, and in turn produced the fungus of the 
potato disease, corroding the leaves of the potato 
and fi^|uently blackening tlie starch of the tuber. 

The above observations were conhnned by sevei-al 
English observei’s in diiferent paits of the country. 
They prove that the jx)tato fmigus of one summer 
produces hibernating germs which remain in a 
quiescent condition till the shimmer of the succeed- 
ing year. These resting-germs, formed from buds 
from the intercellular threads of the |K)tato fungus, 
fall to the groimd with the decayed iwtato plant. 
They exist in every ]mrt of the diseased ]K)tato 
plant — leaves, stems, and tuber. The resting-spores 
remain on or in the ground, and thrive best in 
rank, wet places ; in these places they remain, and 
continue to ripen themselves for a year. The 
humid, hot weather of summer is the time for 
their roawakening to life, and then they grow, and 
pi’odiice conidia ui>on the jdace where they have 
rested. The air rapidly carries those seed-like 
conidia in different directions, and a new onslaught 
of tlie murrain for a few weeks is the result. No 
doubt innumerable rosting-spores j>eri8h during the 
winter, as do the eggs of insects ; but the egg con- 
dition of the fungus is a manifest state of protec- 
tion against the drouglits, floods, and frosts of 
winter. 

It is curious that, although the resting-spores 
were sent to various parts of England they all 
germinated at about the same time. 

Very little has been done with the fungus of the 
potato disease since 1876, and the reason is obvious. 
For any private person to repeat the above-recoi-ded 
observations, he must give up the best part of his 
time for an entii’e year ; and if the slightest hitch 
occurs with any of the {)repamtions — if any get too 
wet or too dry, or mites or moulds appear — the 
whole of the observer’s time will have been lost. 

Nothing is easier than the destruction of the 
fungus. Many simple chemical pre])arationB col- 
lapse and destroy it instantly and utterly; but the 
difficulty, though it may not be an insuperable one, 
rests in tlie application and contact It is easy to 
destroy laboratory sjiecimens, but when it comes to 
a field of many acres, the case is very different 

No account of the fungus of the potato disease 


can be considered complete without a reference to 
a second fungus found upon the potato. Its name 
is FiLgutporium' Bolani, It almost invariably ac- 
companies the potato fungus proper, PeronoBpora 
in/estans ; it appears and reajipears with equal 
suddenness and it is almost as destructive. Fermo-^ 
apora is the jackal, and Fmiaporhim is tlie ever- 
present lion. If one fungus by chance leaves 
any potatoes un- 
scathed, the other 
is almost certain 
to make its attack, 
and destroy every 
paKicle that may 
be left 

The Fiiaiapo- 
Hum gi’ows upon 
the leaves, stems, 
and tubeiTj of po- 
tatoes. Its appear- 
ance to the naked 
eye is not to be 
distinguished from 
the Feronaspora, 

It looks like a fine 
white bloom, and 
it grows in dense 
masses. Under the 
niicroscojie it looks 
like a thickly- 
planted corn-field, s. ■ Fun^m (Fww^num toXani) 
all the steins and 
heads of com being 

tmnspai’ent like glass. The heails break to pieces, 
each piece acting the part of a spore or seed ; and 
the spores are carried through the air by the 
wind, and wherever they fall uiion potatoes they 
blight and destroy them. 

In Fig, 3 is shown this latter fungus (enlaiged 
400 diameters) aiising from its rostiug-spores — 
bodies discovered by the writer of this article. 

To persons unfamiliar with the life-history of 
minute fungi the foregoing explanations may at 
fii-st seem a little involved, but to those who know 
the habits of a large number of small v^table 
parasites, the facts just enumerated are of the 
simplest and easiest chameter. The phenomena 
mentioned follow each other with uneiTing exact- 
ness, and the life processes of different fungi when 
once* fully known, appear never to depart from 
well-marked courses. 

We learn, then, from a certain examination of 
a diseased potato with its accompanying mildew, or 
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mildewa, that the potato is highly susceptible to 
the attacks of two minute fungi. So potent 
for evil are these fungi that they produce im- 
mediate disorganisation of the tissues of the potato 
by simple contact ; so small are the fungi in 
size that they require the highest powers of the 
microscope to see all their parts, and so tenacious of 
life as to be capable of carrying on existence for 
one (or several) years in a hibernating condition in 
the ground or in water. The reproductive power 
of the potato fungus proper is almost unparalleled ; 
the seed-like bodies it produces are innumerable, 
and all these bodies are again capable of increasing 
themselves tenfold ; added to this, any detached 


fragment of the parasite is able to continue growth 
and rapidly make a new and i)erfect individual, 
this individual being the predestined mother of a 
limitless family. When rains or drought destroy 
every vestige in the potato fungus, as we commonly 
know it in an active state, then it quietly rests 
in the ground for a year or more in a sleeping 
or hibernating condition. Whilst resting it is 
protected by a thin, haixl shell, which defends the 
living germ within from wet, drought, and frost 
The re8ting-8i>ores are in the ground everywhere, 
their numbei-s are countless, their size so small 
as to be invisible, without a microscoi>e for their 
detection. 


EMERALDS AND BERYLS. 

By F. \V. Rudler, F.G.8. 

Curator of the 3fu«eum of Practical Geology, London, 


I T is related by the older Pliny, who wi’ote his 
famous “ Natuml History” eighteen centuries 
ago, that in olden times, when the Isle of Cyprus was 
not only a place of arms,” but a place of tmde, 
thero stood on the shore of the island, overlooking 
the tunny-fishery, a noble figure of a lion keeping 
watch and waixl over the tomb of King Herniias. 
Tins figure was sculptured in white marble, and 
the eyes of the creature weie represented by two 
huge emeralds. But the lion had not long Ijeeii 
mounted upon its pedestal before the fishermen 
who dwelt on tho coast complained that the bril- 
liant ra 3 rs shed forth from this gi’een-eyed monster 
penetrated the neighbouring waters, and scared 
the fisli from their accustomed haunts. On this 
plea, the cunning fellows jducked the gems from 
their marble sockets, and thereupon the fish re- 
turned to their wonted waters, and the fishermen 
resumed theii’ lawful craft. 

This story of Pliny’s is w’orth ropeating at the 
present day, because it teaches us one or other of 
two things. Eitlier the emerald must have been 
a much more abundant stone with the ancients 
than it is with us, or, what is far more probable, 
the ancients must have applied the term to stones 
of a very different kind from those which are 
recognised as sitch at the present day, Tlie 
truth is that, before mineralogy became a science, 
men were forced, when they attempted to name 
a stone, to rely upon the most superficial and 
trivial of characters. Colour is, of all physical 


characteristics, the most striking; and it was 
colour, cojisequently, that guided the older minera- 
logists in most of their feeble gi’opings after a 
rational system of classification. 

In the case of the emerald — the Smaragrhs of 
the Greeks-^it is almost certain, from the accounts 
of ancient writero, that a number of minerals must 
have been confounded together, having little or 
nothing in common except a green colour. Some 
of the ancient emeralds may, indeed, have been 
the true crnemld of the modern mineralogist, l)ut 
others were nothing but comparatively worthless 
copper-ores. The emerald of Cyprus, for example, 
was prolmbly unlike our modern ememld in every 
respect save colour. Carefully as the island has 
been searched, no true emerald lias been found 
there in modem times, Copj^er ores, on the con- 
trary, aro known to occur in the i.sland, and were 
worked at so early a period that the Latin word 
for copper, is said to have been denved 

from the Greek name of the island, Kupros. Now, 
in connection with copper deposits, we not unfro- 
quently find a numl>er of greenish minemls, such 
as the well-known malachite, which is a carbonate 
of that metal. It is therefore highly probable that 
the famous Cyprian emerald — the stone that got 
into such ill repute with the tunny-fislK.rmen — was 
nothing but a copper-bearing min(?ra! of bright 
green hue. Other so-called ememlds may have 
been green jasper, while others again wero, in all 
likelihood, simply pieces of gi*een glass, turned 



220 


SCIENCE FOR ALL, 


out, it may well have been, from the ancient glass- 
houses of Alexandria. 

Whatever elasticity may formerly have been 
l)ennitted in tl^e use of the term emerald, or its 
classical equivalents, it has acquired among modem 
mineralogists a veiy definite and scientific mean- 
ing. The term is, in fact, restricteil to the green 
varieties of a imiticular species of matter, whicli 
possesses a well-determined chemical constitution 
and a fixed set of physical piopeitics. To ascer- 
tain its comix)sition, a gem has occasionally Wn 
sacrificed in the interest of science. Tlie chemist, 
after ruthlessly destroying the Ijeautiful stone, has 
repoited that it contains a large proi>oi*tion of 
Hilica, a substance whicli occurs in its pm-est form 
as rock-crystal, and which takes its name from the 
fact that it constitutes the material of flint or 
silex. The emerald is, in fact, a compound con- 
taining silica, and is knowm in the language of 
chemistry as a silicate. But since the silica 
forma less than seventy jier cent, of the entire 
gem, it remains to deteimine what are its other 
constituents. 

On exposing the emerald to further tortures in 
the labomtoiy, the chemist has been able to obtain 
from it a certain proportion of aluiniuhtm — that 
silvery metal whicli was described in tlie article 
on rubi<« and sapphires (Yol. IL, p. 362). We 
may infer that, since the ememld contains silica 
and aluminium, it is therefore a silicate of aln- 
minium. It is this ; but it is much more than 
this. The chemist, by increasing the subtlety of 
his researches, has been able to extract from the 
emerald another metal, far more rare than alu- 
minium, known as ylucinum. 

This metal is found only in some half-dozen other 
minerals, and is not often extracted even from thtmi. 
In fact, the mw materials from which glucinum 
may be procured are so expensive, while the procc^ss 
of extraction is so tedious and delicate, that many 
a chemist who sjiends his days in the laboratory 
has never set eyes u])on a specimen of tlie metal. 

The name glucinum has been given to this rare 
metal because it yields a series of salts, which are 
characteiised by possessing a siccetish taste. We 
may remind the reader that from the Greek word 
ghikns^ meaning sweet,” we obtain, not only the 
name of this metal glucin'mi, but also the name of 
the liettei--knowm body, glycerine ; while the same 
word, in a disguised form, appears in the familiar 
liquorure, which is merely a corruption oiylycyrrMzaf 
or the ‘‘ sweet root.” 

Since the emerald contains two metals, or bases, 


combined with silica, it is in chemical language a 
“double” silicate —a silicate of aluminium and 
glucinum. It is, therefore, the most complex 
mineml which we have yet studied in these papers 
on gems. Wlien the diamond was examined, it 
w^as found to consist of carbon only, and it is tliere- 
fore a chemical element (Vol II,, p. 194). When 
the ruby and sapphire wei’e studied, they 
found to consist of alumina, and they are therefore 
chemically oxides (Vol. II., p. 363) ; but the 
emerald, being a double sdioate of aluminium and 
glucinum, is technically placed in the group of 
salts. The diamond contains but one element, 
carbon ; the ruby contains tux) elements, aluminium 
and oxygen ; wliile the emerald contains no fewer 
than four elements, aluminium aijd glucinum, 
silicon and oxygen ; for silica itself is the oxide of a 
body called silicon. 

By some chemists, esj^ecially in Germany, the 
metal glucinum is tenned heryllium^ a name which 
it has acquired from the fact that it exists not only 
in the emerald, but also in the beryl. Indeed the 
l)eryl, when pure, has exactly the same composition 
as the emerald, and the two stones are therefor© 
classed together by minenilogists as one and the 
same siKfcies. The term emerald is restricted to 
the bright green tmnspai’ent crystals, while the 
teim beryl is reserved for tliose forms which ai’© 
coareer in structure and paler in tint. But just 
as it was seen in a fonner article that the niby 
and sa})phii‘e, however diftcTcnt to the eye, belong 
really to a single species, so tlie emerald and the 
beiyl, notwithstanding their diflerenoes, are united 
in a single mineralogical siiecies. 

Since emerald and beiyl fom but one mineral 
species, it may fairly be supposed, according to prin- 
ciples akeady laid down,* that they jiossess the same 
chameters of crystallisation. And such a suppo- 
sition is perfectly correct Both minerals, in fact, 
crystallise in forms which possess a six-sided 
symmetry ; and they are therefoi^ akin in ciystal- 
lisation to the ruby and sapphire. But while 
ruby and sapphke crystallise in double six-sided 
pyiumids, the emerald and beiyl crystallise in six- 
sided prisms. Figs. 1 and 2 serve to show at once 
the similarity and the difference in the two cases ; 
the similarity is seen in the slx-sidedness, common 
to the two ciystals ; while the difference is visibi© 
in the fact that the emerald-crystal has six side- 
faces, and is flat at top and bottom, whereas the 
sapphii*(3-crystal has a dozen triangular faces, and 
tapers to a point at each extremity. 

♦ “ BoUnoe for All,” Vol. II., p. 366. 
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It must not be supposed that the einemld in- 
vamblj assumes so simple a form as that indicated 
in Fig, 1, Frequently the crystal becomes com- 
plicated by a multitude of additional faces, which 



run round its edges and cluster around its corners, 
as represented, for example, in Fig. 3. But however 
coinplox the crystal, and whatever may bo the 
number of faces which it carries, it never swerv<j8 
from its proi)er symmetry. Notwithstanding the 
complexity of its moditications, it still i*omainR true 
group of which it is a 
member, and all its va- 
garies are kept within 
the limits of the laws 
which rule in the hexar 
gonaJ system. 

In crystals of beryl it 
often happens that tlio six 
sides of tho prism, in- 
stead of being i>erfectly 
smooth, are roughened by 
a number of channels or 
furrows running length- 
wise down tho crystal. 
These irregulanties of sur- 
face are called atriatiorutf 
and ai*e represented in 
Fig. 4. Such grooves are in some cases so 
deep and so numerous as to obliterate the edges, 
and thus to transfoi’in the prism almost into a 
cylinder. It should be noted that such striations 
occasionally aid the mineralogist in separating 
one mineml from another. Quartz, for example, 
is a substance which, like beryl, assumes six- 
sided prismatic forms, and moreover these prisms 
are also striated, but then the striations in this case 
run across the prism, as represented in Fig, 5. If a 
mineralogist were blind-folded, and had a crystal of 
beryl in one hand, and a crystal of quartz in the 


to the crystallogi’aphic 



3.— Complex Crystxil of 
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other, he could easily distinguish between them, 
solely by the sense of touch ; he would feel at once 
that the striations on the prism of beryl wore 
longitudinal, while those on the rock-crystal wore 
tinnsverse. Compare Fig. 4 with Fig. 6. It will 
thus be seen that apparently the most trivial 
character, if constant, is not to be despised as a 
means of mineralogical discrimination. 

Again, if a crystal of beryl and a crystal of 
quaii-z be bi'oken by a fall on to the floor, or by a 
blow with a hammer, a marked difference in the 
nature of the fracture will at ollC(^ l>e observed. 
The beryl or emenild breaks with (.*ase across tho 
prism, yielding fi*agments which have smooth and 
brilliant faces : they are, in fact, clea^’a go-planes, 
such as were mentioned when describing the dia- 
mond ; * but the quartz commonly breaks without 
the sliglitest trace of cleavage ; that is to say, the 
fracture is irregular, and the fragments do not- pre- 
sent flat faces. It breaks, in fact, just as a piece of 




Fig. 4.— Crystal of Beryl, showing Pig. 5.- Crystal of Qiiarta, 

longitudinal striations. showing transverse sfcria- 

tions. 

common glass would break. Many cmei'alds belong- 
ing to Oriental potentates are mounted in tln) form 
of cleaved slices, which are nothing but broad flat 
pieces split from the stone, ami having faces so 
smooth as to need no touch of the lapidary to 
heighten their lustre. 

Another useful characteristic of beryl, or emerald, 
serving to distinguish it not only from quariz, 
but from several other substances with which it 
might be confounded, is to be found in the s})eciflo 
gi*avity of the stone. Tlie s|X‘cific gravity of the 
^ “Science for All,” Vol. II., p. 191. 
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beryl is about 2*7 ; in other words, it is rather 
mpi*e than two and a half times as heavy as an 
6(j[ual bulk of water. In the ai*ticle on the ruby 
and 8apphii*e, the ordinary method of determining 
the specific gravity of a gem, by means of the so- 
called hydix)static balance, was fully described. 
There is, however, another method which is at 
once simple and rapid, and can be used with ad- 
vantage in examining certain precious stones, such 
as the emerald. Befoi*e describ- 
ing this method, it is necessaiy 
to explain the principle upon 
which it is based. 

When a country housewife 
wishes to know whether a tub of 
brine is strong enough for pick- 
ling, she sometimes places an 
egg in the liquid, and obseiwes 
whether it floats or sinks. Let 
an egg lie (bopped into a glass of 
common water, and it immedi- 
ately sinks ; but place it in con- 
centmted brine, and it readily 
floats. Thei*e is an amusing ex- 
j)eriment which is sometimes 
introdnc(?d into jiopi^lav lectures 
to illustrate this difference. A 

Pig. «.-Exp<«riia.ut cylinder is Imlf filled 

to iu^trate diffei- brine, and then very gently 
ence between Den- ’ ^ 

^y^of Brine and of filled ii[» With ordmaiy water. 

The water floats upon the den.se 
brine, and sinct* lx)th liquids are colourless the 
junction is not detected by the eye. Wlien the 
lecturer dro|)S an egg into the cylinder, it im- 
mediately falls through the water; but on reach- 
ing the surface of the brine it stops, as if by 
magic, and remains suspended in the middle of 
the vessel, just as Mohammed’s coffin is said to l)e 
poised in mid-air. The exj>eriment is illustrated 
by Fig. 6. 

Wlien a body is immersed in a liquid, it of 
course displaces, or pushes aside, its own bulk of 
the liquid. If the weight of this displaced liquid 
be greater than the weight of the body, the latter 
floats ; but if tlie weight of liquid be less than tlie 
weight of the body, the latter sinks ; while if the 
weight of the li(|nid be equal to that of the body, 
the latter ^vill neither sink nor swim, but will re- 
main suspended indifferently in any part of the 
li(|iud. In the experiment just descril:»ed, the egg 
sinks through the layer of water, because the 
weight of the egg is greater than the \/eight of a 
volume of water exactly the size of the egg ; but it 



floats on the brine, because its weight is less thaa 
the weight of an equal bulk of brine. In other 
words, a solid body floats or sinks in a liquid 
accoi*ding as its ** specific gravity ” is less or greater 
than that of the liquid ; while if the solid and the 
liquid be of equal density, there is no tendency 
either to sink or to float. 

If, now, an emerald 1)6 dropped into a glass of 
water, it will of course immediately sink, for the 
specific gravity of the stone is 2*7, while the 8i)ecific 
gravity of the water itself is only 1, pui*e water 
being the standard of density, and therefore I'epre- 
sented by unity. But it is evident that if we 
could obtain a liquid having a specific gravity 
higher than 2*7, then the emerald would float ui)on 
this liquid just as an iceberg floats in sga-water, or 
as a leaden bullet floats upon quicksilver, or as the 
egg floats upon the brine in the experiment cited 
al.K)ve. It is by no means easy, however, to obtain 
suitable liquids of sufficiently high density; but 
some yeai-s ago Mr. E. Sonstadt drew attention to 
a liquid which admimbly fulfils the necessary con- 
ditions. 

There is a chemical compound known as mercuric 
iodide, which pi*eBents so beautiful a colour that it 
has occasionally been used os a scarlet pigment. 
This body is not soluble in water, but it dissolves 
freely in a solution of iodide of potassium, and the 
resulting solution when concentiated has a 8j>ecific 
gravity as high as 3, or even a trifle higher ; in 
other words, a wine-glfi.ss of this solution weighs 
three times as much as the stime glass of water. ^ 
Professor Churcli, who has made the subject of 
pi’ecious stones a specialty, suggested some yeai*s 
ago that this solution might be used with advan- 
tage by the mineralogist in his examination of 
gems. For example, an ememld having a sj^ecific 
gravity of 2*7 would float on ‘‘Sonstadt’s solution,’^ 
as Professor Church has conveniently termed it ; 
but a green sapphire — the stone which is known 
to minemlogists as Oriental emerald — will sink, 
since its specific gravity is about 4. Hero, then, 
is a simple method of discriminating between the 
two gems. No balance is needed ; all that is 
necessary is to have a small bottle or glass of this 
dense liquid, and, on dropping the suspected stone 
into the vessel, we tell in a moment whether it is 
a green sapphire or a true emerald. In like 
manner, we could distinguish an emerald from a 
green ganiet, the latter sinking while the former 

* It U not neoeiiaary here to eater into the exact detaiU of 
preparing thia solution, but it should be expressly stated that 
the liquid is pomiwM. 
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flcNits. This method of testing a suspected gem 
almost reminds oi>e of the old rough-and-ready 
way of detemining whether a suspected individual 
were a witch or not, by throwing her into a horse- 
pondy and observing if the unfoi^tunate creature 
swam or sank. 

Sonstadt^s solution may also l)e used with ad- 
vantage, as Professor Church has well pointed 
out, to distinguish a colourless beryl from a 
piece of rock-crystal. Some beryls are so pale as 
to look like ciystal ; but if Sonstadt’s solution be 
diluted to a specific gi*avity of 2 ’67, it affords a 
reatly means of sorting beryls from crystal. Beiyl 
has a specific gravity of about 2*7, and therefore 
sinks in this diluted liquid ; while the crystal, 
having a density which never exceeds 2 '65, must 
needs float. Here it is interesting to note the 
extraordinary delicacy of Churcli’s test, for the 
difference in the density of the two stones does 
not exceed ’05, and yet the solution is available 
for detecting this trilling difference. 

It should be noted that if an emerald, instead 
of a beryl, be drop|:)ed into the solution having a 
density of 2*68, the observer cannot be certain 
that the stone will sink ; for the emerald is almost 
invariably flaweil, and is sometimes so full of 
<Tack8 that the enclosed air lessens the density 
of the stone to such an extent that it becomes as 
low as that of rock-crystaL There is little fear, 
however, of the bialliantly-coloured gem, ememld, 
ever being confounded with rock-crystal. It is 
worth noting, however, tliat the pi*esence of flaws 
in this stone is so general that the expression, An 
emerald without a flaw,” has passed into a proverb. 
When this gem is imitated in jaiste, the artificer 
frequently introduces the characteristic flaws to 
entrap the purchaser. If a counterfeit ememld, 
entirely free from flaws, were presented to a pur- 
chaser, it would really be too good to real, 
and its very perfection would immediately arouse 
suspicion. 

Next to specific gravity, the liardmss of a mineral 
generally demands attention. Hardness is a cha- 
racter which is naturally prized in precious stones, 
inasmuch as it enables them to resist the effect of 
wear, and preserves their lustre of face and sharp- 
ness of edge. The emerald, however, is far inferior 
in liaidness to the gems which have previously 
been described in these articles. Thus, while the 
hardness ot the diamond is indicated by 10, and 
that of the iniby by 9, on the scale referre^l to at 
p. 364, VoL II^, the emerald scarcely reaches the 
eighth degree of this scale. It is scratched by a 


topaz, but is slightly harder than rock-crystal. 
When Pliny says that certain emeralds are too 
hard to be engraved on, it is clear ' that he cannot 
be referring to the stone which we call ememld. 
What he mally meant was, in all probability, tlie 
green sapphire, which is still known to niinemlogists 
as OrienJUil emerakL 

Those physical chai'acters which we have already 
discussed — crystallisation, density and hardness — 
are utterly unimportant in the emerald, when com - 
pared with the colour of the gem. It is its }>ecu- 
liarly vivid green hue that has rendered the stone 
in all ages a ix)pular favourite, and which comjien- 
sates for such imj)erfections as inferior hardness 
and the pmsence of flaws. Every one knows that 
the fatigued ciye rests with lelief u[)oii any gieen 
object, and hence old writers like Theophrastus and 
Pliny extol the virtues of the emerald as a cum for 
weak eyesight Dr. Holland, in his quaint trans- 
lation of Pliny, published in 1601, tells us that “if 
tlie sight hath beene wearied and dimmed by inten- 
tive })oring upon anything else, the beholding of 
this stone doth refresh and restore it ogaine.” 

Occasionally the emerald was cut with a curved 
face, and used by the ancients as a lens, or, as Pliny 
says, “ shaj)©d hollow, thereby to gather, unite, and 
fortifio the spiiits that maintaino our eyesight.” 
Nero is said to have used an emerald lens, through 
which he viewed the gladiatorial combats in the 
circus. As the emperor was shoi’t-siglited he found 
the benefit of a concave lens, while tlm colour of 
the emerald would give ease to the tyi'aiit’s eyes 
when wearied with the brutal sight. The value of 
green media led to tlie use of green spectacles in 
modern times ; aiid every one must remember how 
Moses, in the “ Viair of Wakefield,” made a sorry 
bargain when he bought them by the gross. Not 
only the vivid ememld, but the paler beryl, has 
been used to assist the sight, and it is likely that 
the German word for spectacles, Brille, is con- 
nected with heryk The Rev. C. W. King, a high 
authority on gems, has ix>inted out that the low 
Latin word heryUus signifies a magnifying glass. 

When the colour of an emerald is not a bright 
but only a pale green, the stone is termed an uqun- 
marine, since the tint is compared to that of clear 
sea-water. An aquamarine of pale colour may 
easily be mistaken for a tojmz, some varieties of 
this gem having a very similar tint ; but an appeal 
to Sonstadt's test-solution at once sets any doubt 
at rest. If tlie solution have a density of 3, an 
aquamarine will float upon it, while a topaz will 
sink, since its specific gravity rises to about 3*5. 
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Tbe aquamarine in sometimes cut and polished 
for Uie pui‘i>oses of the jeweller, but the stone is 
not highly valued. It has also been used, especi- 
ally in the East, for tbe handles of swords and 
daggei’s. Fig. 7 repi*eseiits a matchless aquamarine 



Fig. 7.— Aqii.tmarine, luouutod aa Nword-handle : in Mr. Beretford* 
Moil's (From t/ic UerU CaMogve.) 

in the coll(*ction of Mr. BeresfQ3*d-Hoj)C, now ex- 
hibited at the South Kcmsingtou Museum. Tliis 
aquainarino, wliich was at one time in the handle 
of King Jonchim Mui*at’s sword, measures four 
inches in length, and weighs three and a half ouncea 

In colour a typical aquamarine is singularly like 
tbe greenish glass used for soda-water bottles, and 
many a stiaside lajadaiy could tell curious tales 
aiising fi’om this I'esemblancc*. It has not unfre- 
quently happened that a lady in (piest of pebbles 
on the beach has had tlie good luck to find what 
she regards as a line H]>ecimen of aquamarine, and 
has spared no expense in liaving it cut, polished, 
and elegantly mounted for i>eisonaI decoration. Of 
course no lapidary could lm^’e the heart to tell the 
good lady that her ti*easure was nothing but a 
water-worn fmgmerit of the thick bottom of a soda- 
water bottle cast a way by some excursionist of the 
previous season. 

It often ha]q>enH that the natural ciystais of the 
double silicate of alumina and glucina possess neither 


the vivid green of the true emerald nor the delicate 
hue of the aquamarine, and it is then that they pass 
under the name "of beryL Tlie beryl may vary 
consideiubly in coloui*, presenting any shade of blue 
or green, yellow or bix)wn, or it may even be 
colourless. Again, it may be either perfectly clear 
or i)ertectly opaque, or it may pi*esent any inter- 
mediate degree of tmusliicency. • But whatever its 
colour, and whatever its translucency, the stone is 
still the same thing to the mineralogist. In crystal- 
line form, and in chemicfd comi>osition, the emerald^ 
the aquamarine, and the beryl are one and the 
same stone ; they are, in shori, but so many 
varieties of a single species of matter. There are 
wide difterences, however, in their respective values,, 
for while the true emeralds are highly^ prized, and 
even the aquamarine is held in some esteem, the 
coarser forms of dull-tinted beryl are utterly value- 
less to the jeweller. 

Since the emerald is prized mainly on accoimt of 
its vivid green colour, it becomes interesting to 
inquire mto the origin of this tint In many cases 
it is exti'emely ditlicult to determine the prcHjise 
nature of the colouring matter pi’esent in a gem, for 
the tinctorial power of some mineml-pigments is so 
intense that tlie veriest trace may suffice to produce 
a decided tint, and this trace may elude detection 
by the chemist, uiil^s his methods are extremely 
seoi-ching. The old minemlogist, Klaproth, siq>- 
jK)sed that the green colour of emerald was due to 
some comjx)und of iron, and although he was wrong 
in this sup])osition, it is yet certain that the dull 
coloiu’s of some beryls are traceable to the iron 
which they contain as an impurity. When the 
Fi*ench chemist Vaiupielin first determined the 
coinj)Osition of emerald in 1797, he found that the 
mineral contained chromic oxide. Now, it is "well 
known to chemists that this oxide is capable of 
imjmrting a fine green colour to glass : it is used, 
indeed, as a green pigment in painting on pottery, 
and in enamelling. What, then, more natunil than 
to assume that the colour-giving pi*oj}erty of this 
oxide comes into play in the emerald, and that this 
gem owes its l>eauty of hue to the chromic oxide 
which it contains 1 

Buch an assumption had taken fii*m root among 
mineralogists fer many yeara, when a blow was 
levelled at it by M, Lowy, who in 1848 visited 
the great emerald mine of Mu7^, in Colombia^ 
On his ‘return to France, he examined the com' 
position of some of the specimens which he had 
brought home, and found in them only such 
minute traces of cliromium, that he believed the 
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quantity to be utterly insufficient to produce the 
intense greenness of the emerald. More than this; 
he affirmed that when the emerald is strongly 
heated it loses its colour. Now, chromic oxide, 
the reputed colouring matter of the emerald, is a 
very stable pigment, and ought not to be materially 
affected by heat. It is, in fact, used in ix)tteries as 
one of the few “ under>glaze colours ; ” that is to 
say, colouiu which can be painted on the “ biscuit ” 
before glazing, since it is not affected by the heat to 
which the ware is afterwards ex|K)sed in the gloss- 
kiln. 

Admitting that the colour of the emerald is 
fugitive, and is therefore not due to the presence of 
chromium, we have a right to ask M. Lewy how 
he explains the origin of the green tint. On 
igniting an emerald in oxygen, he found that 
carbonic acid gas was produced, just as is the case 
when a diamond is burnt luider similar conditions. 
This experiment shows, therefore, that the emerald 
must contain carlx)n. Moreover, M. Lewy found 
that the emerald, when ignited, lost weight, and 
that while part of this loss was due to the escape of 
water, he inferred that i>art also was due to the 
expulsion of some hydrocarbon, or compound of 
carbon and hydrogen of organic origiiL The 
emeralds of Muzo are found in a black bituminous 
limestone containing ammonites and other fossils, 
which appear to indicate that the rock belongs to 
tliat set of strata which geologists call the Neocomian 
beds. It would, therefoi'e, not be unreasonable to 
conjecture that the decomposition of the animal 
matter which these fossils represent might readily 
yield the hydrocarbon which Lewy is said to have 
obtained, and to which he attributed the colour of 
the emei*ald. 

There is no difficulty in believing that an organic 
hydrocai1x)n may act as an intense green pigment. 
Indeed, Lewy compared the colouring matter of the 
emerald to the green colouring matter which is so 
abundantly distributed through the -vegetable world 
Every green leaf owes its tint to the presence of the 
organic substance called chlorophyll (Vol. I., pp. 21, 
24, 296, 300, 376, 378). If the colouring matter 
of the emerald be akin to chlorophyll, as M. Lewy 
suggested, what an unex{>ected relation is established 
between the mineral and the vegetable kingdoms ! 
Gems have often been fancifully called the flowers of 
the mineml world ; but if the green emerald and the 
green leaf are tinted by similar substances, there 
may, after all, be more truth in this conceit than 
was ever dreamt of by the poet 

Interesting as M. Lewy’s inquiries unquestion- 
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ably wei*e, it must be admitted that his conclusions 
have not stood the test of time. Dr. Greville 
Williams in this country, and Hofraeister, Wohler, 
Gustav Rose, and Boussingault on the Continent, 
have all given attention to this difficult question, 
and in no case have Lewy^s conclusions been coiro 
bomted. Thus Dr. Williams flnds that the Muzo 
emerald does not become bleached when exposed 
for several hours to a red heat, and it is only after 
prolonged heating in a fused state that it begins to 
grow pole. Surely no organic colouring matter 
could maintain its integiity after some hours’ ex- 
posure to a glowing heat, and nothing related to 
chlorophyll could possibly stand such severe treat- 
ment. Neveiiiheless, it is placed beyond doubt that 
the emerald does contain small quantities of carbon, 
as stated by Lewy. Dr. Williams, however, has 
found just as much carbon in a colourless b(nyl as 
in the richest-tinted emerald ; and it is therefore 
impossible to connect the presence of this element 
with the colour of the gem, as M. Lewy had 
attempted. In fact, Dr. Williams rather inclines 
to the notion that the carbon exists in a fi’ee state, 
perhaps as microscopic particles of diamond dis- 
seminated through the substance of the emerald. 

On the whole, it seems clear that no organic 
colouring matter is present in this gem, and that 
the balance of evidence on this vexed ({uestiou 
tends to show that chromic oxide is the trutj green 
pigment. Vauquelin, the disco vei’er of chromium, 
was therefore, after all, correct in the speculations 
which he jmt forth eighty yeara ago, when he firat 
detected the presence of his new metal in the 
emerald. 

While refening to the colour of the emerald, it 
will be instinctive to explain a phenomenon which 
is exliibited by this mineral, in common with 
several other coloured gems. This is the pheno- 
menon of Pleochroisiti, or many-colouredness. Cer- 
tain minerals are found to display diflerences of 
tint according to the direction in wJiich they are 
viewed. Them is one mineral which so conspi- 
cuously exhibits two colours that it has earned for 
itself the name of Didt/roitBi or the double-coloured 
stone. In like manner the emerald is dichroic, or 
double-tinted, but its dichroism is not in general 
sufficiently strong to be observed withoiit the aid 
of a special instrument. Such an instrument was 
devised many years ago by Professor Haidinger, of 
Vienna, and is known as the Dichrovicof)e, It is 
a neat little instrument, which, as oidinarily con- 
structed, shows externally nothing more than a 
brass tube about six inches in length, carrying at 
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one end an eye-piece, and at the other end a per- 
forated disc. Its form is shown in Fig. 8. 

In 01 ‘der to explain the construction of this 
instrument, we may suppose the outer case split 



Fik. 8. —The Diohroiseoiio. 


open lengthwise so as to display its interior, as in 
Fig. 9. We then see that the body of the tube is 
chiefly occupied by a long piece of Iceland spar 
(a).* This is, in fact, a cleaved rhombohedml 
fragment of spar, which has had its two ends 
ground flat, at right angles to the axis of the tube. 



Fig. 9.--Iuterual Coikstraction of Diotu’clucopo. 


In some instruments the ends are not ground in 
this way, but two little wedges of glass are ce- 
mented on to the ends. Close to the round hole (b) 
through which the eye looks into the instniment 
is a convex lens (c), while at the other end (i>) the 
instrument is closed by a metal plate having a 
small square aj>ei’ture pierced in the centre. Su]>- 
pose for a moment that the calc-sjmr (a) is taken 
oiit; then, on looking thi’ough the eye-piece, we 
see, by means of the lens, a magnified image of 

O the square aperture ; but when the 
spar is inserted we see, not one image, 
but two images side by side (Fig. 
10). It has been shown in the article 
on Calc-spar that when a ray of light 
10 --Double enters a piece of this spar in any 
direction, save one, the ray becomes 
forked, or split up into two rays — 
one calhjd the ordinary, and the other 
the extrcu>rdhmry ray. In the dichroiscope we 
have, therefore, two images of the square a|>erture, 
and the piece of calc-spar is cut of such a length 
that these images just touch, but do not overlap. 
With this instrument we are enabled to examine 
the feeble dichroism of such minerals as the 
emerald. 

If a piece of green glass, or any non-crystallised 
substance, l)e held l>ehind the square apertui*e, the 
two images seen on looking through the instrument 
* For a doftoriptiou of this spar, see Vol. U., p. 348. 


will be identical in hue. Again, if a mineral 
crystallising in the cubical system, such as a coloured 
diamond or a gi^n garnet, be similarly examined, 
it will in like manner yield two images of one and 
the same tint In other words, all unorystallised 
bodies, and all crystallised bodies which belong to 
the cubic or regular system, are not dichroic j but, 
on the contrary, all other minerals — all substances, 
ill fact, wliich crystallise in any of the other five 
systems recognised by crystallographers — do exhibit 
dichroism or pleochroism to 
a greater or less extent. In 
the case of the ememld, the 
pieochi'oism is sufficiently 
marked to be serviceable 
to the observer in dis- 
tinguishing this gem from 
other gi*een stones. 

To understand this phe- 
nomenon, it is necessary to 
refer again to the crystal- 
lisation of the einendd. Tlie 
line A B, which runs length- 
wise down the middle of 
the six-sided prism (Fig. 

11) perpendicular to the 
two ends, indicates the 
direction of what is called 
the pHrwipal aari. of the p, 

crystal ; this is also its 02dic direction of optic 

(txis. It has been explained 

elsewhere t that along the optic axis tliei'e is no 
double itjfraction ; and, in like manner, tliere is in this 
direction no dichroism. If, therefore, the emerald 
Ije viewed through the dichroiscope, along the axis 
A B, the two green images of the aperture present 
exactly the same tint and the same intensity of tint. 
The effect is the same as though we were examining 
a bit of green glass (which is not a crystallised l)ody), 
or a green garnet or a green diamond — two gems 
which are related to the cube in the chaiacter of 
their crystallisation. 

Applying the dichroiscoi)e, however, to one of 
the side faces, at right angles to the surface, we 
observe, if not at first, at least on rotating the 
instrument, that the two images are of decidedly 
different tints. In the case of the emerald, one 
image is of greenish-yellow colour, while the other 
is of a greenish-bine hue. It is therefore possible, 
by means of the dichroiscope, to resolve the colour 
of the emerald into two tints, one containing more 
yellow, and the other more blue, than the normal 
f “Science for Alb’^Yol. 11.. p. .m 
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green colour of this mineral; the former is the 
image due to the ordinaiy rays, the latter to the 
extraordinary rays. 

It hae been mentioned in the course of this 
article tliat the finest emeralds are obtained from 
South America. Prior to the Spanish conquest of 
Peru the number of these gems which found their 
way into Europe was probably very limited. 
According to the old Spanish chronicler, Garcilasso 
de la Vega, the ancient Peruvians worshipped in 
the valley of Manta a huge emerald, to which the 
multitude of worshippers, instigated by the priests, 
presented offerings of the choicest gema Most of 
these emeralds were captured by the Spaniards, but 
it appears that the conquerors did not find 
the original locality. At the present day 
nearly all the emeralds that come into the 
market are obtained from the famous mines of 
Muzo, in the Colombian Province of Boyaca. 
These workings are situated on the eastern 
slope of the Andes, about seventy-five miles 
to the N.N.W. of the town of Santa ¥6 de 
Bogota. There is another mine called Lasquez, 
two days’ journey fix)m Muzo. 

The Muzo mines, after having been worked 
for untold generations, were stopped in the 
middle of the last century, nobody seems to 
know why. Rumours got abroad that fires had 
broken nut in the mine, and that it would be 
dangerous to resume the workings ; but as the im- 
mediate neighbourhood is not volcanic, such ru- 
niouns were probably baseless. About the year 
1844, a Colombian named Paris, bolder than his 
felloAv-countrymen, visited the mine, and having 
obtained quantities of the gems, took them to 
Euroi)e and to the United States, where they 
realised large sums. The mine was afterwards 
worked by a French Company, and all the fine 
stones found their way to Paris, where under the 
late Empire they wein extremely fashionable, since 
gi’een was the Imperial colour. 

When the emeralds are firat broken from the 
rock they are exceedingly fragile, and I'eadily crack 
spontaneously, whence the profusion of flaws in 
most specimens. To prevent the stones from split- 
ting, they are sometimes protected from the sun’s 
rays on removal from the matrix, and allowed to 
dry very gradually. 

At Muzo the emerald occurs in a dark-coloured 
fossil-bearing limestone, associated with calc-spar, 
iron pyrites, and a rare mineral called ParisitCy 
whicli borrows its name from the enterprising 
Colombian i)reviously mentioned. Two crystals of 


emerald, seated on the characteristic black rock of 
Muzo, and accompanied by calcite and pyntes, are 
repi'esented in Fig. 12. 

Fiom what source were emeralds derived before 
the discovery of America] It is certain, what- 
ever may be the doubts as to the gem having been 
known in the East before the discovery of Peru, 
that emei-alds occur in a few localities in the Old 
World, though nowhere in such quantity or in 
such beauty as in South America. 

Some years ago M. Caillaud, a French traveller, 
discovered the remains of ancient workings for 
ememlds at Jebel Zabara, in Upper Egypt. Pro- 
bably this locality supplied the early Eastern 



, 12.— Emeralds, wifcU calc-spar and iron-pyrites, on black llmestono, 
{rom Muzo. 

nations with most of their emeralds. Pliny, for 
example, sjK^aks of the Coptic and Ethiopic varieties. 
These workings wei*e re-opened by Mohamed Ali, 
in the hope of unearthing some fine stones. When 
Belzoni, searching for the ruins of ancient Berenice, 
visiteil the locality, he found fifty miners at work ; 
but the ex|)ectations of sangiiine exploiters not 
having been realised, the workings were eventtudly 
abandoned. 

In 1830, some emeralds were discovered in the 
earth beneath the roots of a tree at Takowaja, near 
Ekaterinburg, in Siberia. This locality has since 
been diligently explored, and has yielded some very 
fine crystals. Probably the Scytliian emerald of 
Pliny was obtained, as Mr. King has suggested, from 
the Ural and Altai mountains by the gold-seeking 
barbarians known as Arimaspi, by whom they may 
have been brought down to the Greek colonies on 
the Euxine or to the Persians on the Caspian Sea. 

The emerald is also found in the Heubachthal in 
Salzburg, where it occurs, as in Siberia, embedded 
in mica-schist, while the coarser form known as 
beryl occurs sparingly in granitic rocks in Great 
Britain, and, among numerous localities abroad^ is 
found in huge masses in Massachusetts, New 
Hampshire, and other parts of the United States. 
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From tluH enumeration of the principal localities 
for emerald and beryl, it will be seen that the true 
emerald is of excessively local occurrence. It is 
worth mentioning, however, that there are no 
known laws i*egulating the geographical distribution 
of minerals similar to those which rule the dis* 
tribution of animals and plants. Climate has no 
influence upon the development of minerals, ab 
though some people, more fanciful than scientific, 
have held that the richest-tinted gems are found 
only in tropical climes. 

Ill consequence of the rnrity of the true emerald, 
it always commands a high price in the market, and, 
B|)eaking generally, it may be said to rank next in 
value to the ruby and sapphii^. True, it is not 
e(}ual in hardness or in lustre to these stones, much 
less to the diamond, but its surpassing beauty of 
colour confei*s u|)on it a high value. It is, more- 
over, a stone which is seen to equal advantage by 
daylight or by artiflcial illumination. 

In ancient times the emerald was valued not 
only for the mt^niiicence of its colour, but also 
for the subtle virtues wliich it was reputed to 


possess. As a medicine its value stood so high 
that it was almost as much prized by the apothe- 
cary as by the jeweller. A dose of powdered 
emerald, varying fiom foui* to ten grains, was 
accounted a certain remedy against the effect of 
fever or plague, and was even an antidote to the 
most virulent of poisons. But the internal ad- 
ministration of the gem was only a gross way of 
exhibiting its virtues. Worn as an amulet, it was 
reputed to ward off evil spirits and to preserve the 
chastity of the weai*er, to divert bad dreams, and 
impart courage to its {lossessor. Most stones of a 
green colour have at various times been the object 
of supemtitious regard, and the emerald has esi>e- 
cially been venerated. In these latter days the 
gem has lost much of its ancient pi^tige, but it 
still holds a very high place as a popular favourite. 
The preceding article, however, has shown that 
wliile the mists of superstition which formerly 
surrounded the gem have been dissipated by the 
rays of science, the stone is still possessed of physical 
and chemical properties which surround it with a 
brilliant lialo of scientific interest. 


THE FALL OF A STONE. 

By William Durham, F.R.S.E. 


T he time-honoured stoiy of Sir Isaac Newton 
having had his attention directed to the laws 
of gi'avitation by the fall of un apple from a tree 
may or may not be true. The legend, however, 
points to a fact full of scientific meaning, that the 
grandest secrets of nature may be ascertained from 
a careful study of the most ordinary and every-day 
occurrences ; and in this paper we sliall endeavour 
to show that from the fall of a stone ” those great 
laws, the discovery of which have made Newton’s 
name immortal, may be learned. 

We are ail aware that if we throw a stone straight 
up into the air its speed upwards gradually grows less 
and less, until it stops for an instant, then returns 
to the earth again with ever-increasing velocity until 
it strikes the ground. Now, let us suppose that 
just at the instant when the stone is at its greatest 
height, and when it is stationary, the e>arth were 
suddenly removed entirely away, and let us inquire 
what would be the behaviour of the stone. Most 
people would at once conclude that, of course, it 
would fall downwards and continue its course, thei’e 


being nothing to an’est its progress. We all have 
such an instinctive notion that bodies ought to fall 
downwards when there is nothing to supiiort them 
that such would seem the natural conclusion. A 
little consideration, however, will show us that this 
opinion is not so well founded as at first sight 
appears. 

The earth being a globe or ball-like body, I’evolv- 
ing on its axis once in twenty-four hours, it follows 
that, except in very high latitudes, our directions 
are completely reversed every twelve houra, so that 
what is up in the one case is down in. the other. 
Supiiose Fig. 1 to represent the earth revolving 
from left to right in the direction of the bent 
arrowa Now, an observer standing at A at twelve 
o’clock in the day would consider upwards to be in 
the direction of the top of the page and downwards 
in the direction of the bottom. At twelve o’clock at 
night he would be standing at o, and these direc- 
tions would be complotoly reversed, so that upwards 
would liow be towards the bottom and downwards 
towards the top of the page. A stone, therefore, 



THE FALL OP A STONE. 


229 


dll-own up by this observer at twelve o’clock noon 
would fall in an exactly opposite direction to one 
thrown up at midnight PuHher, at interme- 
* diate times^ say at six p.m. and six a.m., the direc- 
tions would be at right angles to those at twelve noon 



Fig. 1.— XUuatrating the UeUtion of Gravity and the Bevolntion of 
the EartlL 

and twelve midnight ; these directions are shown 
by the straight arrows in the figure. We thus see 
that our notion of falling downwards is not correct 
in the ordinary sense in which we use it. Further, 
if we look at the directions of the arrows at the 
various times, we see that if these directions were 
prolonged they would meet in a point in the centre 
of the figure of the earth. We are therefore justi- 
fied in concluding that when a stone falls it is 
drawn or attracted towards the centre of the earth. 
If this conclusion be correct, then it is evident the 
motion of the stone is really due to the presence of 
the earth, and if, as we have supposed, the latter 
were suddenly withdrawn when the stone was for 
the instant without motion, the stone w;ould just 
remain in exactly the same position as it was ; there 
would be neitlier upward nor downward motion. 
The correctness of this idea will be stiengthened if 
we consider the stars and planets, which are really 
in the position of the stone we are considering, un- 
sup|x>rted in space, and although they move in a 
manner afterwards to be described, they do not 
fall out of their places as we have imagined the 
stone might do. From these considerations we 
arrive at the law that a stone or, indeed, any body 
will rfirnain eoccLCtly tn place wJhere.it ia put^ pro- 
wled no force from widioni acts upon it. 


Advancing a step further, let us next consider 
what would be the behaviour of the stone if the 
earth were suddenly removed, not at the instant 
when it was motionless, but when it was moving 
with some velocity towards the earth. Here, again, 
we might be tempted to conclude that when the 
earth, the cause of the motion, was removed, the 
motion would cease cmd the stone would come to a 
standstill; but here, again, further consideration 
would change our ideas. We know from exjierience 
that when any body is moving, such as a cricket- 
or cannon-ball, we requii*e to exercise considerable 
force of resistance to stop it. We observe also that 
the falling stone gradually increases in velocity as 
it approaches the earth. This shows ua that the 
attraction of the earth is gradually accumulating 
force in the stone, so to speak ; the effect produced 
during the first second remaining in the stone, 
while the effect during the second second is added 
to it, and it is only the resistance offered by the 
solid ground that prevents the stone from continu- 
ing its onward course. It is evident, therefore, 
that, in the case supposed, if the earth were sud- 
denly removed the stone would continue its onwai*d 
course with unabated speed, not, however, increas- 
ing the sjieed at which it happened to b(i moving 
when the earth was withdrawn. We thus attain 
to a second law : that any moving body will cotitinue 
tlmt movement without either vtvcreaae or diminution 
provided no force from without acta upon it. 

From these two laws we arrive at the knowledge 
of the fact that matter of any kind is quite inert, 
has no inherent power to change its state. If it is 
put in any jxisition, there it remains ; if moved in 
any direction or at any speed, in that direction and 
at that Burned it continues to move. It adds nothing, 
it takes away nothing, from any force communicated 
to it, but simply acts as a earner, receiving and 
delivering up with rigid exactness whatever may be 
committed to its charge. This inertness of matter 
is at the foundation of all physical philosophy 
and all mechanics, and it is of great importance we 
should thoroughly grasp and understand it. 

Turning our attention once more to the falling 
stone, let us consider more minutely its behaviour 
on approaching the earth ; let us note its velocity 
during a fall of one, two, or three seconds. It has 
been very accurtitely detennined that a stone under 
the action of the earth’s attraction for one second 
will pass through a spacer of about 16 feet, and will 
at the end of the second be moving at the rate 
of 32 feet {ler second, that is, it would continue 
to move at that rate if the earth were suddenly 
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1 ‘emoved out of its way. At the end of tM*o seconds 
it will have })as8ed through a space of 64 feet, and 
its velocity will be 64 feet per second. At the end 
of three seconds the space passed through will be 
144 feet and the velocity 96 feet, and so on. 
Tabulating these I'esults we at once become aware 
of an exceedingly regular law, viz,, that the velocity 
increases 32 feet every second, while the space 
]:>a8sed through increases as the square of the 
numl>er of seconds. 

ISj. of Seoondfi. Space Fallen Through. Volooitj Acquired. 

One 16 ft. 32 ft. per eec. 

Two 16x2x2 = 64ft. 32x2r:64,, 

Three 16 x 3 x 144 ft. 32x3 = 96,, 

During two seconds the body docs not fall 
through twice 16 feet, but through four times 16 
feet, and 4 is the square of 2, and so on, with three, 
four, or any number of seconds. Now, this result 
entirely condnns what we have said al>out the 
inertnesB of matter. Consider tlie space fallen 
through in two seconds, for instance. In the first 
second it has passed through 16 feet, and has 
acquired a velocity of 32 feet ; going on, frem its 
inertness, at this velocity, it jmsses through 32 feet 
in the next second, but at the saim^ time the attrac- 
tion of the earth causes it to pass through another 
16 feet j this, added to the 32 feet, makes altogether 
48 feet passed througli in tlie second second, and 
this, added to the 1 6 feet first fiaased through, makes 
64 feet the distance found by exiTeriment. Thus 
the whole motion is accountt>d for. The same 
thing will he found in any number of seconds. The 
falling stone obeys exactly the foree impressed upon 
it, neither adding to nor Uiking from it. 

We have thus followed the movement of the 
stone in falling towards the earth, and traced the 
laws of its motion. If we now study the converse 
problem, viz., the rising of the stone from the 
eai-th, we shall rejich the same conclusions ; for 
we find that if we throw a stone u])wards with a 
velocity of 32 feet |)er second it will rise to a height 
of 16 feet, and if with a velocity of 64 feet it will 
nse to 64 feet, and so on, these being the heights 
exactly from which it must fall in order to acquire 
the velocities of 32 or 64 feet per second with 
which it starts in its upward flight. Thus we see 
the attraction of the earth subti’acts from it a velo- 
city of 32 feet per second. We say, then, the earth’s 
attraction is such that it produces a velocity of 32 
feet per second on any body free to fall at its sur- 
face. 

We have thus far considered only the movements 
of a stone thrown vertically or straight upwards ; 


we siiall now study its movements when thrown 
somewhat off the straight line-*at an angle, as it is 
called. In this case, instead of falling straightdown 
to the earth again, it takes a i>eculiar curved |)ath, 
something like Fig. 2, called a parabola, the result 
of the two forces acting on it : the one the force 
with which it is projected in the direction a b, and 
the other, b n, the force of gravity drawing down- 
wards to the centre of the earth. Now the hori- 
zontal distance to which the body will attain before 
it touches the ground again depends on the foree 
with which it is pi’ojected. Tims a cannon-ball 
shot out with a great velocity will go very much 



Fig. 2.~Illustniting Movement of Stone thrown at an Angle. 

further than a stone thrown by the hand at the 
same angle. Now we may imagine the force of 
projection to be increased to such an extent that 
the stone or ball would go right reund the earth in 
a circle without touching it. Now, in this case we 
can easily see that the attraction of the eartli onJy 
causes the stone or ball to take a cii*cular |>ath ; it 
takes nothing from the oiiginal velocity, for the 
body in the case supposed never altere its distance 
from the earth, and wc have seen that it is only 
when the earth’s attraction acts against the body 
rising from its surface that the velocity is lessened. 
The stone or ball therefore will, after going right 
round the earth, still liave the same velocity as at 
starting, consequently it will continue to revolve 
round and round for ever. The stone is continu- 
ally, as it wore, attempting to fiy away in a straight 
line, but the attraction of the earth i^trains it, and 
guides it into a cireular path, just like a stone in a 
sling, the string of the sUng acting the part of the 
earth’s attraction in restraining the stone while it 
is whirled round in a circle. Now the, force with 
which the stone tends to fly away from the earth is 
termed ** centrifugal force,”* and it is very evident 
that to keep the stone revolving round the earth 
the centrifugal force must be exactly balanced by 
the force of attraction, for if the former were 
stronger the stone would fly off into space, and if 
the latter it would be drawn onwards to the earth. 
For instance, if a body is projected vertically up- 
wards with a velocity of 472 miles per minute 
* “ Science for All,” VoL in., p 163. 
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gravity will never be able to restrain it, but it will 
paas away into space and never return ; if pi*ojected 
at an angle with the same velocity its path will be 
a parabola, but it will never return to the earth ; 
if with mther less velocity it will revolve round 
the earth in an ellipse of immense extent. As the 
initial velocity is reduced the curved path will be 
less and less, till it revolves in a path nearly circular 
when the two forces are nearly balanced. 

It must be noticed, however, that all the laws 
we liave traced out are only strictly correct when 
the movements take place in a vacuum ; they are 
greatly modified by the resistance and friction of 
the atmosphere. In falling through tlie air we 
find a stone does not fall at the same rate, nor 
would the same force cause it to go completely 
roun<l the earth if it had to pass thi'ough the air. 
In fact, unless the force were so great as to dnve 
it beyond the atmosphere altogether, it must sooner 
or later fall in upon the earth. Tlie importance of 
this fact will be recognised as we proceed. 

The next point we must consider is the effect of 
distance on this force of attraction. Would a stone, 
for instance, falling at a height of a mile or two 
above the earth’s surface, acquire a velocity of 32 
feet per second, as hap|)ens when it is near the sur- 
face i This point has been settled by experiments 
at different heights, made with the pendulum, which 
in reality vibrates on the same principle as a stone 
falls. It is found that the force of gi-avity dimin- 
ishes exactly as the square of the distance from the 
earth’s centre increases. Thus at twice any dis- 
tance from that centime the attraction is only one- 
fourth, at three times the distance it is one-ninth, 
and so on. 

Further, it has to bo observed that all bodies, 
whatever be their mass or quantity of matter, fol- 
low these same laws of gravity ; thus, cork falls as 
rapidly when unopposed by the air as lead does. 
This shows that the atti*action of gravity is propor- 
tional to the mass of the falling body, for it is clear 
that if a body of two pounds weight moves at the 
same speed as a body of one pound weight, the 
foi*oe exerted in the former case is double that of 
the latter. 

Another curious result of the action of gravity 
is this : when we project a stone into the air we 
actually move the world. There are familiar in- 
stances of this principle all round us. A shot fired 
from a gun or cannon* causes the latter to “ kick,’' 
or recoil, as it is termed — the force of projection acts 
equally in dnving the bullet forwaid and the gun 
* ** Soienoe for AU,” Vol. H., p. 222. 


backward ; similarly, when we throw a stone into 
the air we at the same time, as it were, kick the 
earth in the other dfrection, and when the stone 
returns again, drawn down by the attraction of the 
earth, it also attracts the earth to itself, and the 
appimch is mutual. Thei'e is a point between the 
centre of the earth and the stone called the centre 
of inertia, which never varies its relative distance 
from the centre of either. We may fonn some 
idea of this from considering a long lever rod with 
a small weight at one end and a large one at the 
other, and supported at a point between them so 
that they are exactly balanced. If wo move the 
smaller weight to or from the point of support we 
must also move tlm larger one in the same way, 
proportionately to its size. Now this gives us some 
idea of the action of throwing a stone ; the j)oint of 
support must kee}> stejuly ; the stone is represented 
by the smaller weight moving along the arm of the 
lever and the earth by the larger, and wo thus see 
that their movement must be mutual and inversely 
proportioiial to their relative masses. 

When Newton had arrived at the knowledge of 
the laws of gravity whicli we have described, it 
naturally occurred to him that as gravity did not 
cease to act even at a considerable distance above 
the surface of the earth it might continue to act at 
great distances in space, and he directed his atten- 
tion first to the moon, as the nearest body to the 
eartli, and yet not part of it. He thought it might 
j)OS8ibly just Ije like the stone projected with such 
force that it revolved round and round the world for 
ever. Now, we have observed that a falling stone 
is acted upon by a force tending towards tlie centre 
of tlie earth, and if the moon is ideally in the jxisi- 
tion of sucli a stone it must show by its motion 
that it is acted upon by a force proceeding from 
that centre, or appearing to do so; for we must re- 
member it is not the centre that really atti’acts, it 
is the whole earth that does so, and the combined 
result is the same as if it all proceeded from the 
centre. Now, if the moon’s path were exactly cir- 
cular, the action from the earth’s centre would be 
evident at once, for consider Fig. 3, where the 
outer ring represents the moon’s jiath and c the 
centre of the earth. Suppose the moon at M as a 
falling Iwdy, acted on by the earth’s attraction 
alone, falls, say in a second, to the point N ; but 
it has centrifugal force from its original motion, 
which in that same time would carry it, say, to 
p. Now, these two forces acting at once would, 
according to the well-known law of mechanics, 
carry the moon m to the |)omt o. Thus we would 
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have evidence of the attractive force directed to 
the earth’s centre. The moon’s path or orbit round 
the earth is not, however, exactly circular; it is 
elliptical, or oval, from which it is evident the 
moon must be nearer tlie earth at certain times 
than at others. As gravity increases the nearer 
bodies approach one another, it follows that the 
moon would be drawn into tlie earth altogether 



Fig. 3.—Illti8trati]ig tbe motion of tbe Moon round the Eaxth. 


when it came nearer, unless there was some counter- 
acting influence. Now, this is found in the in- 
creased s|>eed with which the moon travels in its 
course when coining nearer the eartli, and that in a 
certain regular manner which the law of gravity 
i-ecpiires in a body moving round a fixed centre. 
Fig. 4 will make this plain. Suppose a body 
moving in a straight line, a B, at a certain fixed 
rate, it is evident it will travel equal distances 
along the line in equal times. If we take these 
equal distances, and join them to the centre s, 
geometry tells us that the various triangles, a s c, 
OSD, <fec., will also be equal Now if, instead of 
moving along a straight line, the body is drawn in 
towards the centre, the law of motion by which a 
body neither loses nor gains and the law of gravity 
require that the new tidangles formed should be 
equal to the former ones, so that the increased space 
passed over by the bo<ly when it is nearer the earth 
should exactly make up for the diminished distance 
from the earth. Thus the triangle ask must be 
equal to the tnangle A 8 c, 4rc. This is found to 
be the case with the moon in its motion round the 
earth, and is usually stated thus. The line joining 


the centres of the earth and moon describes equal 
spaces in equal times. 

Thus far the moon seems to obey the laws of 
gravitation already described, but more must be 
proved. It is necessary to show that the foi‘ce of 
gravity at the distance of the moon from the earth 
is exactly equal to what we have called the centri- 
fugal foi*ce, or the tendency the moon has to fly 
away in a straight line into space. The centrifugal 
foi*ce can be easily known from observing the moon’s 
speed. In making this calculation at first, Newton 
found tlmt the two forces did not balance each 
other, and as an evidence of his exceedingly scien- 
tific mind, he, for a time, laid aside his theory, as 
facts were against it — a truly noble lesson for all 
scientific speculators who are only ^po apt to make 
facts square with theories instead of theones with 
facts. An eiTor in the siipposed distance of the 
moon, however, having been discovered, Newton 
saw at once that, with tliis corrected, his theoiy 
would be in complete accordance with the facts. 
It is related that he was so excited by the circum- 
stance that he was unable to finish his calculations, 
and had to get a friend to do it for him. 

We have mentioned that the moving path round 
the earth is not circular, but elliptical, or oval. 
Now, this also necessarily follows from the laws of 
gravitation. For sup[K>8e the moon at such a dia- 



Fig. 4 — niuftrating the motion of the Hoon round the Baarth. 

taiice from the earth that its speed is reduced s 
much as no longer to possess sufficient centrifuga 
force to balance the earth’s attraction, it will neoei 
sanly commence to fall towards the earth like 
stone, and, according to the laws we have trader 
its speed will increase. Now it can be easil 
shown that this speed will increase the centrifug 
ffirce faster than the attraction of gravity increas 
by its approach to the earth, consequently it w 
commence again to recede from the earth, and tl 
backward and forward movement generates t 
peculiar path it takes. 
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The great secret of the umverse is thus fairly 
discovered, and only the details require to be worked 
out, for the moon’s path round the earth is, on a 
smaller scale, what the {)aths of the planets are round 
the sun, and the solar system is by every principle 
of analogy representative of the vaster systems of 
the fixed stars. All are go\'emed by what seems 
the fundamental principle of matter, viz., that &oery 
body attracts every oilier body with a force propor- 
tional to thevr masses, and inversely as the square 
of the distances between their centres* This great 
general law supplies »is with the key with which 
we can unlock every difficulty, and enables us to 
predict with almost absolute certainty the move- 
ments of the heavenly bodies. In no case has it 
failed, or seemed to fail, though tested in every 
possible way. 

What we have already learned from “ the fall of a 
stone,” though important enough, by no means ex- 
hausts the subject There is another field of inquiry 
developed in more recent times to which this phe- 
nomenon naturally leads us. We noticed that the 
stone in falling accumulated, so to speak, the force 
of gravity in itself, so that it would go on moving 
even were the earth’s attraction removed after it 
was in motion. We noticed also that the stone 
was, of course, stopped in its course when it struck 
the ground. Now the question arises, what be- 
comes of the force with which the stone was 
descending ? All visible motion ceases ; is the 
force, therefore, entirely lost and annihilated? 
The answer to this question is the greatest 
advance, i>erhaps, that science has made in 
modern times. It had always been observed that 
hard bodies, such as stones, when sharply struck 
one against the other, emitted light, but the full sig- 
nificance of this fact has only lately been i)ei'ceived. 
The light and, of course, the heat developed with it 
are found to be the exact equivalent of the force of 
the collision of the bodies. When, therefoi*e, a 
stone falls to the ground the visible*'motion is not 
lost, but is entirely changed into the invisible 
motion of the particles of the stone which we term 
heat. We find, therefore, that when the stone is 
arrested in its course its temperature is raised, and 
there is always an exact relation between-the dis- 
tance fallen and the amount of heat. Now, this 
relation has been carefully studied and measured, 
and it is found that when a pound weight of any 
body falls through a space of 772 feet by the earth’s 
attraction it generates enough heat to raise one 
pound of ice-cold water Falir., or 772 lbs. falling 
throjigh one foot generates the same quantity of heat 
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This has been called the mechanical equivalent 
of heat,” because it enables us to measure the 
value of heat in mechanical work, and is of great 
impoi*tance in the practical application of heat to 
the driving of machineiy. 

Now, since the fall of a stone upon the earth 
generates a certain amount of heat, we may imagine 
the fall of an immense number of such stones gene- 
rating so much heat as to cause the earth to glow 
and shine as the sun does with its own inherent 
heat. Nor is it necessary that the fall should be 
rapid and over in a short time, for as a certain 
amount of motion is always represented by its equi- 
valent in heat, we may imagine these stones falling 
together towards the centi^ of the earth in a veiy 
slow manner, but clasliing among themselves, and 
having the appearance from the outside of a 
gradual contraction in volume, and still the heat 
and glow kept up for a length of time. Now, it is 
extremely probable that the heat of the sun has its 
source in this action of gravity, gradually contract- 
ing its volume, and giving out its force as heat and 
light. The source of the sun’s heat has long been 
a puzzle to scientific men, and this action of gravity 
seems to supply the beat solution of the difficulty. 
If this be so, then we have another evidence of the 
wide dominion of the laws of gravity in the light 
of the stars, for if the sun’s light and heat be due to 
this cause, that of the stars must be due to the same 
all-pervading force. 

In such immense bodies as the sun and the fixed 
stars, a contraction in volume scarcely perceptible 
for many ages, would supply a sufficient quantity of 
heat to keep their light practically undiminished. 

The principles involved in the fall of a stone 
throw light on another strange and puzzling class 
of bodies belonging to the solar system. Wo mean 
the comets. These bodies revolve round the sun 
in very eccentric elliptical paths, and this, we have 
seen, is tlie kind of path a stone would take if 
hurled with sufficient velocity from the surface of 
the earth at an angle fix>m the vertical or straight 
upward direction. They may therefore have been 
projected from the body of the sun by the action of 
its internal forces. Their paths are governed 
strictly by those laws of gravity we have already de- 
scribed. It has been preved by spectrum analysis 
that these bodies not only reflect the solar light but 
shine frem their own inherent high temperature, 
and it has been suggested by Professor Tait, that this 
temperature may be explained by the supposition 
that comets are composed of nothing more nor less 
than showers of stones rushing among themselves 
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vitii variouB yelodtiesi thus causing coUisioxis and bringing them to rest round one common centre, 
raking their temperature. He further suggests Now there k considerable probability for con* 
that the tails are formed of stone4ust, as it were eluding that there k such an atmosphera In the 
thrown off by the force of the collision, just as first place, one qomet, at least, has given evidence 
showers of sparks are thrown off by the friction of of encountering some resisting medium in its 
the brake on a railway train. He has also in- course, very rare indeed the medium must be, 
geniottsly shown how the peculiar shape of the tail but still possessing some resisting power which, in 
directed sometimes to, and sometimes from, the sun, the course of ages, must inevitably cause the comet 
may be accounted for by the combined motion of to be carried into the sun. Again, the modem 
the comet in its path and the direction in which researches on light and heat, proving these to be 
the sparks or stone-dust thrown off. waves of motion passing from one body to another. 

The last point we shall notice is a purely specu- seem to necessitate the existence of some medium 
lative one, but at the same time of great philosophic through which the waves may be propagated, and 
interest So far as we have studied the movements as light comes from the stars as well as the sun 
of the universe there appeal's no reason why these it seems that the medium must extend throughout 
movements should not go on for an indefinite length all visible space. 

of time. As has been said by a scientific writer, I'e- If such be the case, the conclusion k inevitable 
garding the geological history of the world, “There is that the whole visible creation must ]^adually gra- 
no trace of a beginning, and no prospect of an end.** vitate towards one common mass. Planets losing 
In speculating on this point, however, there is one their velocity will, in the course of ages, be drawn 
consideration to be kept in view, which may ]3oint in to their central suns, causing these to blaze up 
out to us an inevitable end to the present state of again with renewed splendour for a time, from the 
things. In this paper we stated that unless the heat generated by their inward rush. Suns will be 
force with which a stone was projected from the drawn towards suns, hut ever with lessening light 
earth was so great as to carry it beyond the atmo- and contracting mass. 

sphere altogether, it must sooner or later fall in upon Thus we see that gravity, while it k the main- 
the earth. The reason of this is that the friction spring of the movements and order of the univei'se, 
of the atmosphere acts like a bmke gradually re- k also, if present laws hold good, the sure cause of 
ducing the velocity, and, of course, as the velocity its inevitable decay and death. The lieavenly 
k reduced, the centrifugal force also becomes less, bodies may, indeed, be regarded as falling stones, 
until it is no longer able to balance the attractive ever falling closer and closer, generating by their 
foroe of the earth, and the stone falls to the energy those orderly paths and systems and those 
ground. life-giving waves of heat and light, but surely tend- 

Now, it becomes interesting in this view to ing downwards to a state of rest and decay, when 
inquire if there is anything like an atmosphere all motion, all life, all light, will for ever depart, 
in celestial s|)aoe acting on the heavenly bodies and leave the huge inert mass in darkness and 
as the atmosphere on the stone, and gradually death. 


THE EIVEES OF THE SEA. 

By John Jambs Wild, Ph.D., P.R.G.S., 

Laie <tf tlu Bci0KUfio Staff of B.U.B, ChdOtngvr,^ ato. 

fllHE records of the adventures and trials of sea- and fever-stricken sailors. In vwn every yard pi 

X faring men, from the earliest days of ocean canvas k spread to catch a fitful breeze ; riie sails 

navigation down to the present, contain few pages refuse their service and lazily flap against the masts 

of more heart-stirring and awe-inspiring interest as the ship rolls to and fro upon the glassy swell of 

than those which describe the sufferings of a crew the sea. All this time the vessel, in iqipeaninoe 

becalmed in the Tropics. From a cloudless sky stationary upon the waters 

the sun darts his fierce rays upon the blistering Ai idle as a painted diip 

deck strewn with the helpless forms of famished Upon a painted ocean, ** 
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is drifting at the znerojr of an unseen and uncon* 
troUable power, perhaps to be landed at last among 
the reeft and breakers of an inhospitable shore, or to 
fall an easy prey into the hands of piratical natires. 

We also read in the accounts of Arctic explorers 
how idiips abandoned in the ice have been trans- 
ported hundreds and even thousands of miles from 
the spot where they were first frozen in. Thus the 
RetcluUy abandoned in Barrow Strait in May, 1854, 
was found drifting out into the Atlantic in 
September of the following year, having been carried 
during the interval the whole length of Baffin Bay 
and Davis Strait, a distance of over 1,200 miles. 
Almost precisely the same journey was performed, 
much against their wilJ, by a portion of the crew 
of the American exploring vessel Pofom, com- 
manded by Capt. Hall. Left behind on the ice in 
Smith Sound, on the 16th Oct, 1872, these unfortu- 
nate men, after 196 days of intense suffering, priva- 
tions, and dangers of eveiy kind, threatening instant 
destruction, were picked up by a Newfoundland 
whaler on April 30th, 1873, about 120 miles north 
of the Strait of Belle Isle. The east coast of 
Greenland and the seas between Spitsbergen and 
Novaya Semlya have been also the scene of similar 
adventures. 

This drifting of vessels is an occurrence not con- 
fined to the regions of tropical calms or polar ice- 
floes. Even in the temjierate latitudes and, indeed, 
in almost every part of the ocean the navigator dis- 
covers that a like drifting movement interferes with 
his progi'ess, sometimes hastening it, very often 
retarding it, and as frequently taking the ship 
altogether out of its course. The cause of this 
movement and the unseen and uncontrollable 
agency by which vessels or their shipwrecked crews 
who have taken refuge in boats, on a raft, or an 
ice-floe, have been drifted hundreds of miles, at^e — 
the reader will have already guessed — the cun’ents 
of the sea, or, as we have called them, the rivers 
of the sea. Like rivers on land they form vast 
bodies of water flowing in a certain direction and 
between well-defined limits, but the great rivers of 
the ocean far surj^ass in size even the mightiest of 
our land rivers, such as the Amazon and the Nile; 
their course extends over thousands of miles, their 
width over hundreds of miles, and their depth to 
hundreds of fathoms. In fact, the rivers of the sea 
present one of the most imposing, and in their 
connection with the history of the earth^s surface 
and of all the creatures that live upon it, one of the 
most important phenomena which can engage the 
attention of the student of nature. Further proof 


of the existence of these ocean-currents is afforded 
by the laige quantities of drift-wood found upon the 
shores of Arctic lands. I'he existence of these masses 
of wood in regions which, on account of their severe 
climate, are destitute of trees, is ample evidence of 
the fact that they must have been carried by the 
sea to the spot whei*e they were cast up by the 
vraves. Often also the mariner encounters in mid- 
ocean wide patches and extensive streaks of sea-weed 
accumulated upon the edge of a current, just as we 
see leaves and fragments of wood gathered in the 
centre and upon the edge of an eddy or whirlpool 

From the nature of these plant-remains we may 
form an opinion as to the locality where they 
originally came from, but, as they leave no trace 
of their journey upon the surface of the waters, 
they can give us no information as regards the 
volume, the direction and the rate of progress, 
of the currents by which they have been trans- 
ported. However, with the help of the obser- 
vations made by numerous observers during the 
last few yeAra, it has been possible to construct a 
chaiti of the ocean in which the great oceanic rivera 
are laid down each according to the place which it 
occupies on the surface of the sea, just as the course 
of the principal land rivers is shown on a map of 
the world, and the accompanying diagram (Pig. 1) 
represents in rough outline and necessarily on a 
much reduced scale a chart of the ocean with the 
track of its various surface-currents, such as they 
are known up to the present date. 

A firet glance at this chart i*eveals the remark- 
able fact that the surface waters of the sea are in 
perpetual motion, always flowing from one ];)art of 
the ocean to another, and thus forming what are 
called “streams” or “currents.” Some of these 
currents are known to flow in the same direction 
all the year round ; others change their direction 
according to the season, and in certain seas the 
direction of the currents is just the opposite in one 
part of the year from what it is in another. We 
observe at the same time that the surface-watera 
on which ships travel from port to port are them- 
selves in motion, and we now can easily under- 
stand the drifting movement, some instances of 
which we have quoted above, by which ships, 
icebergs, drift-wood, tangled masses of seaweed, 
and, in fact, all floating objects, are transported 
from one part of the ocean to another, and often 
to the most distant parts of the earth. 

It was more difficult to ascertain the movement 
of the oceanic watera at a great deptli below the sea- 
surface, since the scientific explorer does not as yet 
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an instrument for finding out the direction^ 
and speed of an under-current by direct observa- 
tion* By indirect means, however, he has been en- 
abled to obtain an insight into what is taking place 
in the great depths of the ocean, namely, with the 
help of the deep-sea thermometer, which registers 
the temperature of the water at all depths from the 
surface down to the bottom of the sea. If, with 
the aid of this instrument, he discovers the exis- 
tence of cold water in the seas between the tropics, 
he is naturally led to suspect that this cold water 
must have originally come from liigher and colder 
latitudes ; or if, by the same means, he discovers 
warm water in the Polar seas, he is justified in con- 
cluding that it must have come from the wanner 
regions of the earth’s surface ; in other words, he 
comes to the conclusion that there must be currents 
of cold water flowing from the Poles towards the 
Equator, and warm currents flowing from the 
Equator towards the Poles. Observations made 
with the thermometer in a great many parts of the 
ocean prove beyond doubt the existence of these 
currents. The cold water found in the depths of 
tropical seas has been traced step by step to its 
original borne in the Polar seas, and, mcfi versd^ the 
warm currents which undermine the glaciei’s and 
ice-floes of the Polar regions have been followed 
up to where they issue from the tropical belt. In 
this manner the deep-sea thermometer has brought 
to light a number of very remarkable and quite 
unexpected facta. For example, under the Equator, 
the water between 100 and 500 fathoms below the 
surface has been found to be much colder than water 
at the same deptli in the seas immecUately outside 
the tro{)ics. Thus, the temperature of 41® Fahr., 
which under the Equator and in the Atlantic Ocean 
is observed at a depth of 400 fathoms, is in the Bay 
of Biscay not obtained until a depth of 800 fathoms 
is reached. In the Polar seas we find below the 
cold sui’face-waters a stratum of water of a higher 
temperature, and going farther down wo again 
meet with cold water. It has also been ascer- 
tained that tlie waters which fill the depths of the 
ocean from 1,000 fathoms down to the bottom at 2, 
3 and 4,000 fathoms are, with the exception of 
some inland-seas, of a temperature only a few de- 
grees above the freezing-point. In this manner the 
solid globe of this earth is wrapped in a sheet of 
ice^ld water of a thickness varying from 2 to 3 
miles, which in its turn is covered with a compara- 
tively shallow layer of warm water, spreading out 
on both sides of the Equator, and disappeaiing in 
the vicinity of the Arctic and Antarctic Circles. 


The most important conclusions which we may 
dmw from these facts revealed by the doop-sea 
thermometer are : that the cuiTents of the sea are 
thermal streams, by means of wliich heat and cold 
are distiibuted through the entire domain of the 
ocean ; that oceanic currents may be divided into 
surface-currents and under-currents, and that the 
same current may alternately assume both cha- 
racters, now flowing at tlie surface of the sea, now 
sinking below other currents and continuing its 
way in the depths of the ocean. Borne day it may 
be possible to construct a chart of uiuler-cun'ents 
as a necessary complement to the chart of surface- 
cun*ent8 given al)ove, but the observations made up 
to the present are not as yet auflicient for this 
purpose, although consuleitible progress has been 
made in this direction. For instance, the thcr- 
moinetiical soundings mode by the officers of the 
United States Survey along the east coast of North 
America show that the Arctic surface-current, 
known as the Labrador current, sinks below the 
waters of the Gulf-sti'eam and after sending ofl- 
shoots into the Gulf of Mexico and the Caribbean 
Sea it distippears in the depths of the tropiciil 
Atlantic. Another gimt current issuing from 
the seas of the Antarctic has been traced by the 
officers of H.M.S. CJuillmger flowing as an under- 
current along the east coast of South America 
from the Falkland Islands to the St. Paul Hocks 
near the Equator. 

The natui*e of the sea-bottom having been already 
described,* we may now briefly narratci as far as 
our space will admit of, the various explanations 
which have been given of these currents. Un- 
happily, however, owing to theorists tr3nng to 
account for the motion of the rivers of the sea, 
by reasonings founded on a single phenomenon, 
to the absence of trustworthy observation until 
recently, and to the non-recognition of the fact 
that the ocean currents have changed in course of 
time, few writers are at one in their explanations 
of the facts which they detail. 

Among tlie various causes which tend to produce 
currents in the ocean and determine the direction 
in which they flow is the unequal distribution of 
the sun’s heat over the earth’s surface. It is well 
known that on account of the spherical Hhai>e of the 
earth, the equatorial regions receive a much largei* 
amount of heat from tlie sun than the jwlar regions, 
the amount of heat received varying from a maximum 
between the tropics to a minimum within the arctic 
and antarctic circles (Fig. 2). Water is a great 
♦ “ Science for All,” VoL IB., pp. 76, m 
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itoreivap of heat, henoe we find that the sarfaco* 
watem of the ocean within the tropics are raised to 
a high temperature, as much as 80^ Fahr., while in 
the polar regions their temperature is reduced to 
freesing-point and the water is transformed into ica 



2. — Dittffnun showing th6 unequal Biatrlbution of the 
Uur Baja orer the lkrth*a aarOioe« and the Qndual 
Shortening of the Badiua of notation from the Eqnator to 
the Pole. 

Again, in the act of absorbing heat, water becomes 
lighter, that is to say, a stated volume of water 
when heated weighs less than an equal volume 
of cold water. As the waters of the sea under 
the influence of gravity always tend to maintain 
a perfect level, and as bodies of diflerent weight 
cannot balance each other, the warmer and lighter 
surface-waters of the tropical seas flow over into 
the adjacent cooler seas ; but becoming cooler as they 
reach higher latitudes, they will again become heavier 
and return in the shape of imder-currents, in order 
to replace the volumes of water constantly being 
removed by the al>ove-mentioned outflow from the 
tropics. In this manner it can be explained how 
the unequal exposure of the diflerent parts of the 
earth’s surface to the rays of the sun, must result 
in the creation of warm currents flowing from the 
Equator towards the Poles, and of cold retum-cur- 
rents running in the opposite direction. 

But the actual direction of these currents is de- 
termined by a cause which seems to exercise an 
influence njx)n all oceanic cuiTents flowing either 
north or south, namely the daily rotation of the 
earth round its axis. The speed of this movement 
is naturally greatest at the Equator and reduced to 
zero at the Poles. For instance, a point on the 
E(|uator rotates at the rate of about 1,000 miles 
per hour ; one situated on the pai'allel of 60” lati- 
tude, the length of which is equal to half the 


circumference the Equator, moves at the rate 
of nearly 500 miles an hour; while a point 7 milee 
from the Pole moves in the course of 84 hours 
through a circle of 22 miles, or at a rate of less 
than 1 mile an hour. If, now, we follow a current 
flowing from the Equator towards the Pole, it is 
evident that this current will at every st^ of 
its progress arrive with a rotatory speed from 
west to east greater than the speed proper to the 
latitude at which it has arrived ; in other words, it 
will rotate faster than the earth upon the parallel 
wliich it has reached, and in consequence it will ac* 
quire a tendency to flow towards the east. The 
decrease in the rotatory speed is inoonsiderable until 
we reach the twentieth parallel on each side of the 
Equator (Fig. 2), beyond which, however, it di- 
minishes rapidly, and it is just here, as a glance 
at the map will show, that equatorial cflrrents bend 
round and take a more and more easterly tm*n as 
they advance into higher latitudes. It is thia 
easterly tendency which causes these currents to 
press up against, and to flow along the west coasts 
of the continents and islands which stretch across 
their path. 

Let US now see what happens to a polai' current 
as it issues from the Frozen Ocean and proceeds 
towards the tropics. It passes from a higher to a 
lower latitude with a rotatory speed greatly inferior 
to that of the {iamllel which it has just reached. 
In consequence it will lag behind the more swiftly 
rotating earth and assume a decided tendency to- 
wards the west. We therefore find that j)olar cur- 
rents flow towards the south-west and west, and 
press up against and are com|>ellod to follow 
the east coasts of the continents and islands which 
they encounter in their path. As the current 
approaches the tropics, however, the difference be- 
tween its own rotatory speed and that of the parallel 
at which it arrives becomes gradually less, and 
on nearing the Equator it begins to rotate as fast as. 
the earth itself, tliat is to say, it gradually loses all 
tendency to lag behind or to flow towards the west^ 
and, sinking down on account of its own superior 
gravity, it disappears below the lighter and warmer 
waters of the equatorial belt. 

This system of theimal cii*oulation which, as we 
have just endeavoui-ed to show, embraces the whole 
ocean, and keeps its waters in perpetual motion, is 
greatly modified and to some extent obscured by 
the action of another agent known as being a con- 
stant cause of currents in the sea, namely the winds. 
That the latter have the power of inducing currents 
at the surface of any sheet d water over wliich 
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Ubej blow, is a which zuust be familiar to eveiy 
rea^r, and it is equally well known that the speed, 
volume, and direction of these currents immediately 
4epend upon the speed, duration, and direction of 
ihe winds by which they are caused. The stronger 
ihe wind is and the longer it blows, the swifter and 
deeper the current is ; while the direction of both 
is the same. For this reason a strong wind at sea 
will often produce a surface current Howing in a 
direction different from, and sometimes opposite to, 
the direction of the oceanic current over which it 
blowa 

Space will not permit us to enter here into a de- 
scription of the atmosjjiherc and of its currents, or 
winds. It may be sufficient to recall the fact that 
it forms an aerial envelope the thickness of which, 
although it much exceeds the greatest depth of the 
sea, is still so small when compared with the dia- 
meter of the earth, tliat we must conceive the atmo- 
sphere as a thin layer spread out over sea and land, 
and enveloping the whole teiTestrial globe. The 
winds obey the same j>hy8ioal laws as the currents of 
the sea^ and are similarly affected by the unequal 
distribution of solar heat and the diurnal rotation 
of the earth. They also assume in turn the character 
of upi>er and under currents, and as they blow over 
the sui*face of the sea they produce oceanic sur- 
face-currents flowing in the same dii*ection in which 
they blow. This is why we find on looking at our 
cuiTent-chart that most of the great surface-currents 
of the sea correspond exactly with the permanent 
or penodical winds which flow in the same region 
of the earth’s surface. Thus the North and South 
Equatorial Currents correspond with the N.E. and 
^3.E. Trades, the westerly currents of higher latitudes 
with the Anti-Trades and westerly winds of the 
name parallels, the periodical currents of the Indian 
Ocean and the China Sea with the N.E. and 
S.W. Monsoons which alternately prevail in these 
fieas. 

Another cause which, in a less conspicuous though 
not less effective manner, assists in<^e formation of 
oceanic currents is the difference which exists 
between the seas in the tropics and those of higher 
latitudes as i*egard8 the quantity of salt which they 
hold in solution. The evaporation which takes place 
on such a vast scale beneath the rays of a tropical 
sun renders the water of the equatorial seas more 
salt aDul therefore more heavy, while the abundant 
precipitation in the shape of rain and snow of the 
temperate and polar sones makes the sea-water in 
these latitudes f^her and lighter. This difference 
in saltness is accompanied, as we have shown on a 


former occasion,^ by a change of colour, tlie briny 
seas of the tropics being distinguished by a beauti* 
ful dee|)-blue tint which, as the proix>rtion of salt 
deci*eases, changes by degrees to the greenish-blue, 
bluish-green, and green colours of the seas situated 
in higher latitudes. This increase or decrease in 
weight due to the varying degree of saltness is, 
however, more than counterbalanced by the effects 
of temi)erature, for the warm salt water of a 
tropical current is lighter than the cold and fresher 
water of a polar current 

Among the remaining conditions which affect the 
course of the rivers of the sea are the dii^ion 
of the coast-lines and tlie general shape and dimen- 
sions of the oceanic basin through whicli they fiow. 
A glance at our current-chart suffices to show that 
most currents are diverted from their original 
course by the great continents which, extending 
from north to south across the Ecpiator, separate 
the different oceanic basins from each other. A 
comparatively slight alteration in the direction and 
extent of the coast-lines of these continents would 
suffice to completely change the flow of the 
currents. If, for example, the east coast of South 
America were continued from Cape St. Roque 
beyond the island of Fernando Noix)nha as far 
as St. Paul Rocks near the E(piator, then the 
whole of the South-Equatorial Current, a ]X)rtion 
of which now finds ifcs way into the North At- 
lantic, would be diverted into the South Atlantic. 
Again, in many parts of the ocean a slight rise or fall 
in the level of the sea-bottom would cause such a 
change in the outline of the adjoining land as to 
considerably alter the direction of the currents, and 
there is sufficient evidence to show that changes of 
this nature have occurred during the ))ast and are 
taking place even at tlie present day. 

Finally, the most obvious of all causes of curi'ents 
is that which arises from the necessity of maintain- 
ing the equilibrium between the waters of all parts 
of the ocean, for whenever a quantity of water is 
removed from one part of the sea either by 
evaporation, by the winds, or by oceanic currents, 
it is absolutely necessary that it be replaced by an 
equal quantity of water flowing in from another 
part. To this necessity we are inclined to 
ascribe the existence of the Equatorial Ooonter- 
Currents (Fig. 1) which in the Pacific, Indian, and 
Atlantic Oceans flow from west to east in the 
equatorial belt of calms. The vast volumes of 
water which the north and south equatorial cur- 
rents are constantly transferring from the eastern 
« Sea ** Srienoe for All,” Vol Ul., p. IS. 
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to the weetem side of these oceans, must be re- 
placed hj return-currents flowing from west to 
east in ^e space left beween the trade-cuiTents, 
and it is probable that the equatorial counter- 
currents above mentioned are intended to effect 
this compensatory movement. At least, until now, 
no more satisfactory and intelligible explanation 
of these oountei^urrents has been offered. 

The rivers of the sea, apart from the astonish- 
ment and wonder which their stupendous propor- 
tions must arouse in the mind of the student of 
nature, present themselves to us as a subject of 
paramount interest, when we consider the pai*t 
which they have played and are still playing in the 
building up of the topmost layer of the solid earth- 
crust, in the perpetual changes of climatic con- 
ditions, in the distribution of vegetable and animal 
life over the surface of our planet, and last, not 
least, in the recent advance of ocean-navigation, by 
which the inhabitants of the most distant lands 
have been brought into close intercourae with each 
other. 

The erosive action of currents constantly tends 
to alter the configuration of the coast-lines, by taking 
away land in one place and depositing it elsewhere. 
Again, immense quantities of sediment carried by ail 
the rivers of the world into the sea, are taken up by 
the currents and spread over the bed of the ocean. 
Geologists tell us that nearly all, if not all the dry 
land at present existing has at one time been at 
the bottom of the sea, an assertion confirmed by 
the fact that the stiuta which compose some of the 
loftiest mountain-ranges have evidently been de- 
posited in ages long past upon the floor of the 
ocean and still retain the remains of the animals 
which disported themselves in the seas of former 
days. What we are still in the habit of calling 
** terra Anna” is pi'oved by modem observations 
to be in constant motion, rising and falling like the 
heaving breast of some mighty monster, whose arms 
stretch far beneath the waves. By the action of 
subterraneous forces, as yet unexplained, vast areas 
of the earth-crust are depressed below or lifted up 
above the level of the sea, and we are beginning at 
last to understand the truth of the maxim, that 
there is nothing stable in the universe of created 
things except the unstable. 

The rivers of the sea, as we have endeavoured to 
show, are fbermal currents conveying the solar heat 
stored up in the seas of the tidies into higher and 
colder latitudes and, in return, carrying the cold of 
the polar regions into southern latitudes in order to 
temper the heat of the Torrid Zone. But for this pro- 


vision, the accumulated heat of the tropics atid thw 
accumulated cold of tlie regions bounded by the 
Arctic and Antarctic circles would be equally income 
patible with vegetkble and animal life, which now, 
thanks to the mitigating effect of the currents of 
the ocean, is able to flourish in every part of the 
earth to which the latter have access, and even in 
regions at a distance from the sea, for the winds, 
which are either warmed or cooled by their contact- 
with oceanic currents, extend the tempeiing in- 
fluence of the latter far inland. 

There is indisputable evidence that the British 
Islands and the greater part of Europe were at one 
time covered with icebergs and glaciers, and that an 
arctic climate prevailed as far south as the shores 
of the Mediterranean. But we have also abundant 
proof that at a still earlier epoch not^oidy Europe 
but the lands situated within the Arctic Circle must- 
have enjoyed a tropical climate, for the numerous 
fossil remains found in these regions are those of 
plants and animals which, according to the present 
state of our knowledge, must have lived under con- 
ditions now only found in the tropics. Such a great- 
change in the climate of the same region naturally 
gave rise to much speculation, and all the resources 
of cognate sciences were drawn upon in search of a 
satisfactory explanation. The whole solar system, 
as it were, was put out of joint and the terrestrial 
globe turned upside down in the hope of finding the* 
cause of these climatic revolutions. It is true 
eminent scientific authorities* had already as- 
serted the intimate connection between climate 
and oceanic currents, but the influence of tiie 
latter was not considei'ed sufficient to aocoimt 
for the change from a tropical to an arctic 
climate and vice vered. However, since the deep- 
sea thermometer has confirmed the existence of 
these currents by more trustworthy data, previously 
not available, and has revealed the movements 
of the enormous volumes of warm or cold water 
which are constantly being transferred by them 
from one part of the ocean to another, it has been 
possible to form a more correct estimate of the 
influence of currents upon climate. From the 
changes which are known to have occurred during 
past ages in the distiibution of land and water all 
over the surface of our globe, we may conclude that 
the currents of the sea must have formerly flowed in 
different directions, and that their speed and volume 

Bxplomtioh of*the Deep Sea,” b/ H.SLS. Pomtfine, daring 
the fummer of 1680. Frooeeding^ of tbe Boysl Sooie^, Ko* 121* 
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also must have varied at difFereut epochs. We 
may therefore readily conceive that, at a time when 
certain I’egions — for example, the British Islands 
and western Europe in genei*al — were exposed to 
the direct influence of Arctic curL'ents, their climate 
must Imve been very diflerent from what it was 
when their sliores were bathed by the accumulated 
wat6i*8 of an Equatorial stream ; in fact, a diflerence 
equivalent to tliat l>etwe<m an Ai^ctic and a Tropical 
(.limate ; for the difference of bemi^eratuit^ which 
determines the existence or non-existence of certain 
vegetable and animal organisms in a certain I'egion, 
taking also into account the power which these 
organisms possess of adapting themselves to slow 
and gradual changes of climate, is a difference of 
only a few degrtnjs (perhaps not more than 20“ 0.) 
of the thermoiuotric scale, and not more than the 
difference of temperature between an Arctic and an 
Equatorial ciuTent. We ought also to remember 
that such a change in tUo cuirents of the sea could 
not take jdace without entailing similar changes in 
the winds or curi*ent3 of the atmosphere, in the 
distribution of moisture, whether in the shape of 
rain or snow, and indeed, in all those conditions the 
combined influence of wliioh we sum uj) under the 
name of climate. 

^J'he rivers of the sea, we have said, play an im- 
|>ortaut })art in tluj distribution of vegetable and 
animal life over the earth’s surface. Ancient })hi« 
losophers have suspected, and mcHlern science 
asserts, that the oceiui is the great storehouse of 
organic life, and that the ancestors of all that lives 
and moves iq>oii land and in the air at one time 
dwelt ill and drew their nourishment from the 
watoi-s of the mighty decip. But this is a theimj 


too vast for our pre^nt purpose. Tlie agency of 
currents in transporting the seeds of }»lants, and 
oven living plants, is, however, a fact familiar to 
every reader. Often the traveller iqion tlie ocean, 
especially in the calmer seas of the tropics, falls 
ill with tiny fleets conqiOBed of branches, leaves, 
fruits, seed-grains, tkc., gently borne upon the waves 
until at last they are left upon the shore of some 
distant land, or drift into the sheltered lagoon of a 
coral-reef. In this manner the countless islands 
scattered far and wide over tlio surface of the ocean 
aro siip[)osecl to have become fertilised and prepired 
for the habitation of animals and man, 

In conclusion, wo may allude to the fact tbat the 
more accurate knowledge obtained in our days of 
the rivet's of the sea has given a great stimulus to 
ocean-navigation, by enabling tin* mariner to reduce 
the time of his passage from one ]>oi’t to another, 
and thus considerably to diminish the risks and 
dangers insepamble from a sea- voyage. The rivers 
of the sea now form the great ocf^an liigh-roads 
along which a never-ending jirocessioii of ships of 
all nations and of every size, from the stately liner 
to the rakish yacht, may be seen winding its way 
to distant climes. Within the last thirty yeai*s the 
journey from England to the Antipodes has been 
shortened from 1 20 days to little over fcHy days, 
and the modern navigator, by s(decting the track 
wliere tlie currents of the sea and the curi'onts 
of the air are most favourable to his progress, has 
once more proved the truth of the homely old 
saying that “ the longest way round is the shortest 
way home,” and of the useful maxim that “ the 
most obvious course is not always the speediest oi 
the safiist.” 


SNAILS AND SLUGS. 
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D ismissing for the moment all early jirejudice 
against the family to which it belongs, let us 
liegin by scrutinising tbo exU^nor asjiect of that 
full-grown specimen (Fig. 1) of the Common Garden 
Snail {Helix aspersa)^ which is going over the gi*ound 
at the top of its speed en rotUe for the cabbage-bed. 
On picking it u[) one naturally observes that it, 
roughly speaking, consists of two parts — body and 
sliell. The sliell (Fig. 2), concerning which we 
shall have more to say as we go on, is a familiar 
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object to all ; it is strong, light, translucent when 
the body has been removed, and prettily marked 
with streaks and zigzags of brown and yellow, 
varying in different individuals botli in tint and 
details of piitteni. The lip,” or edge of the a|»or- 
ture, is slightly reflected, thus giving strength to 
this, the weakest part of the sliell, which elsewhere, 
owing to its splnirical build, will submit to con- 
siderable pi’essure before yielding. Gradually, as 
wo have been speaking, the inmate has recovered 
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fitun Ilia surpriae at liis novel situation, and 
with horns extemled to their utterinoat ia vainly 
seeking some resting-place for the sole of his 
foot, permitting ua to see that, while the skin of 
the npi^er part of the body is covered with closely- 



Fig. 1.— The Cotnmrn Garden Snail (Helix t . 

set wn-iiikles, the under surface is jierfectly smooth 
and pliant, enabling the ci'eature to make use of it 
as a aucker when climbing up the plants on which 
it feeds. Tliis foot is com|K)sed of stixuig mus- 
cular fibres int(U‘lacing one another, and by the 
successive motion of its ])ai*ta the animal is able to 
glide slowly along. 

It is an intfu-osting, not to say pretty, sight to 
watch the under surftico of the foot either of » slug, 

or snail, in nmtion, and 
one which may readily 
witnessed by in- 
ducing tlie ci'eature to 
cmwl on a j>iece of 
clfjar glass. A hollow 
ghiss cylinder, such as 

(he chimney of a 

laniji, is j)ref(*rHl)le to 
a flat shof^t, as h H ord- 
ing great<ir facilities 
for (!lose inspection and 
more ready liandling. Ilaviug jdaced the slug, 
or simil, inside the tube, wait till it luis got 
hold with its suckcu’-likf^ foot, and then turn 

tlie glass round so as to bring the under side into 
view. 8o long as the animal remains at rest 

there is notl dug in particular to attract one^s at- 
tention ; but the moment the creature begins to 
move a wondeiful changes takes place. Tlio 
iirst impi*ession is that there must l>e a hollow 
channel along the centre of the foot through wliich 
a foaming tori’ent is rushing |)ell-mell from the tail 
towards tlie head. Such, it is scarcely necessaiy to 
add, is not the cose, and the torrential appearance 



2. — Sboll of tbo Coininou. 
Glardon Snail (Helix intjicrM), 
obowing ibo Bcfloctod Lii>. 


is solely an optical illusion, due to the suo 
eessive action of the surface of the muscular 
foot in pvo[)olling tlio animal forward. To un- 
derstand the natiire of this movement clearly, 
take the case of a caterpillar when crawling. 

First the hinder jxirtion of the 
body is di’awn up, forming an 
aixjli, then the feet in front of 
the arch ai*e successively raised 
and those behind set down, 
causing the arch to move forwoixl 
towards the head, though the 
jiarts of the body nuaintain the 
same relative position. By ih^ 
time that the fii*st loop, or 
“ wave,” in tlie caterpillar’s body 
has reached its head, which is at 
once stretched forward, another 
“ wave ” has commenced at the 
tail ; and so on. Now, the motion in a snail’s 
foot is just the same, only the “waves” do not 
affect the whole body, as tliey do in the cater- 
pillar, and they follow each otlier so quickly as 
to give rise to the appearance of flowing liquid. 
The margins of the foot do not participate in this 
motion, but have a gentle, lateral, undulating move- 
ment of their own. This motion of the mus- 
cular fibres of the foot is under the control of the 
animal so far as starting and stopjiing aie con- 
C(*rned ; but the actual motion itself apjiears to lie 
automatic, and conqiarablo to that of a locomotive 
engine, wdiei’e the driver turns the steam on or off, 
leaving the actual work to the mechanism itself. 
Reverting again to the upper surface of the snail’s 
body, w^e notice the thick, tough, wrinkled skin, 
which is composed of transvei’se and longitudinal 
muscular fibres unsuppoi’ted by any internal frame- 
work or skeleton, thus allowing the mollusc to vary 
its Bha|)e and expand or contract at will. More- 
over, we see that this dermal enveloj)e is kept con- 
stantly moist by the slimy mucous matter that 
rendera tliese creatures implefiwant to the touch. 
Tlie glands that secrete the slime ara buried amongst 
the muscular filires of the skin ; but there is also a 
large one within the bocly; and an astonishing 
quantity of viscid slime can on occasion l>e pouw^d 
out by these united glands. 

As the slug or snail crawls along it leaves behind 
it a little of this mucous stuff, which, when dry, 
forms that glistening film on the wall or ground, 
known to us as its “ trail ” or “ war-path.” Certain 
of the slugs make another use of this tenacious 
material, for, taking advantage of its cohesion and 
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the rapidity with which it hardens, they will lower 
themselves by a fine thread of it off a tree or bush 
on to the ground. One species, indeed (Liniax 
ma/rgvrMtu 8 )i can even re*ascend the gelatinous 
ftlameut, a feat which, in its arboreal life, must 
often stand it in good stead. As the object of 
our inquiry has drawn in his horns, we must, if 
we would learn anything about them, follow 
whither they have retreated j more especially 
since, aided by the set of muscles that are at- 
tached to the inttnior of the shell and pass down into 
the foot, their owner has retired into his habita- 
tion, i)OHitively declining to be further interviewed. 

Having killed it in the most instantaneous, 
and thoreforo Icjust j)ainful, manner— namely, by 
immersing it in boiling water, with a liberal 
allowance of Uible-salt — the animal (lan then 
Ik) canffiilly extracted, periwiiikl(‘-wis<s from its 
shell, and a more |MTfect examination of its stnic- 
tun^ instituted. 

The difference between that iK)rtioii of the crea- 
ture habitually j)iolected by the shell and the part 
exjKJsed wluui in motion, is the fii*st thing that 
strikes the eye, the skin covering the former being 
as thin and smooth as the latter is thick and 
wrinkled. The delicate membranous iiortioii ex- 
ix)sed to view by the removal of the shell is techni- 
cally known as tlic mantla^ and plays an all-im- 
portant part in the snail’s anatomy, as it is the 
shell -forming organ. Where the “ mantle ” is 
united to the totigh skin of the foot, it becomes 
greatly swollen ami fonns a sort of collar, the edge 
of which may be seen curling round the reflec^etl 
“ lip ” of the shell when the snail is cra w ling aloh^,. 

The extension of the shell as its tenant grows is 
entirely effected by this swollen margin of the 
mantle, which carries the pigment cells, or glands, 
that secrete the colouring matter forming bands or 
patterns on the shell. The rest of the mantle is 
devoid of pigment glands, ami merely dejx)sits layers 
of shelly matter on the interior, thickening and 
strengthening tlie habitation. In the same way 
injnnes to the shell are repaired. If onJy the 
mouth of the shell 1)0 broken the fractured por- 
tion is restored with all its proper colours and 
markings by the collar of the mantle ; but if a 
|K)rtiou of the spix'e be destroyed, tlie breach is 
closed by opaque colourless matter doi>osited by the 
other parts of the mantle. 

The shell so formed is built up of layera of 
animal matter strengthened by the deposition of 
calcareous eaiiihy matter which the snail derives 
mainly from plants ; these in their turn obtain it 


fi*om the soil ; whence naturally it follows that snails 
are more abundant in limestone districts. The 
outermost or first layer, called the ‘ epidermis,’ is 
of animal matter, and is endowed with life, but 
not sensation. Jt protects the shell from the in- 
fluence of the weather, but soon fiules and disap- 
pears after the death of the animal. This two-fold 



Pijf. 3.— Diagmm showiiiK tUu rriucipal PoiiitH in tUo Anatom} of 
the Common Snail. 

«y)OriilHr Ti'iUaclcg; (or) ; (/*»*/ Ci'rrbnil (Jnnfflion : (j) ((imrd; 

(r) Stoiimdi ; (O Livn-; (f) Dilniry-cliuf h ; (j) ijirrslmcH : («) Ajimh; (r) 
RlUucy; (rj)) ruluunmry Vfiu; (p) rulmonary OiKtin; (c) llruvt. 

nature of the shell may be verified by jdacing a 
lH)rtion in water and adding a little acid, wlnui 
the lime will bo dissolved mvay, and nothing but 
the cellular membrane, m wliich Ibe lime was 
deposited, left; or a ])ieco of shell may be boiled 
in caustic soda to remove the organic matter, and 
then the inorganic lime will be left behind. Each 
layer of the shell was really, some maiiitiiin, once 
a j)ortion of the mantle itself, which became calci- 
fied, that is, hardontHl wdth cai*bonate of lime, and 
wjis then thrown off to unite with those previously 
formed. Prof. Huxley, howevei’, believes that shell- 
growth is not a case of conversion, but one of 
excretion, and that the sluill is built up of succes- 
sive excretions of membranous lamime, in wdiich 
granules of carbonate of lime are deposited, 
these granules gmdually increasing in size, by the 
addition of fresh calcareous matter, till they almost 
touch, displacing the membranous matter and 
forcing it to assume a celMike structure 
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Whichever theory be adopted as the correct one, 
the result remains the same, and layer by layer a 
strong, light structure is built up, into which the 
oreatiire can retu*e at pleasui^e, or retreat for pro- 
tection from its numerous foes. In the young 
mollusc the shell is very thin and transpai’ent, and 
the edge of the mouth shows none of that thickened 
and reflected rim characteristic of the adult indi- 
vidual. 

On tlie right side of the body, under the collar 
of the mantle, is the o|>ening which leads into the 
** pulmonary ” or “breathing cavity,*' where the 
nearly colourless blood is ex|x>sed to the purifica- 
tion of the air in countless small vessels that 
ramify over the loof of the chamber. The floor 
of the cavity is formed by the diaphmgm or tliin 
muscular membrane which separates the respiratory 
apf>aratus from the rest of the viscera, and at 
the some time perfoi-ms the office of bellows, 
alternately drawing the air in and driving it out. 
Most water-dwelling molluscs have a similar organ 
of respiiution ; but in their case the purifiaition 
of the blood is effected by beautiful plumediko gills. 
On laying open the visceral cavity from the head 
along the back towai-ds the anterior (?xtremity, an 
intricacy of inttunial organisation is disclosed that 
will assuredly surprise any one seeing it for the first 
time (Fig. 3). In the first place, let us notice the 
digestive a[>pariitus. Conimencing with the mouth, 
which is placed on the under-side of the head, we 
find, in the fij’st place, a kind of upper jaw consisting 
of a broad horny plate, with a very sharp, curved 
lower edge, and op{>osed to this is the tongue, 
armed with rccurvcKl silicious spines, or “teeth," 
as they are more commonly called. These teeth 
fire set in a muscular memhrami and point towards 
the back of the mouth ; they are translucent, 
glossy, of various sha|x;s, and set in rows forming 
different patterns, each genus, and even species, 
of snail i)osse.ssing its own |)eculiar arrangement, 
shape, and number of teeth. Tins tongue,” 
odontophore, or “lingual ribbon” (Fig. 4), as it is 
variously teimed, serves as a sort of rasp whereby, 
with the aid of the homy jaw, the toughest 
vegetable fibres or animal tissues can speedily be 
abraded. In the common Whelk the lingual ribbon is 
very long and namow, and is employed by the animal 
to j)erfomte the shells of its bivalve brethren. 
Through the breach thus effected the unlucky victim 
is devoured piecemeal. 

In the snail before us, and in the slugs, the 
teeth are very nearly all of a size, and set so 
closely together as to give the tcague, when 


viewed only with a pocket-lens, the appeaianoe 
of being finely marked with transverse stri«; 
however, it be properly pre^)ared and placed 
under the microsco{)e it reminds one lathor of 
some marvellous piece of tesselated pavement. 
There ai-e 135 rows 
of those teeth in 
the odontophore of 
the Common Gar- 
den Snail {Helix 
aepersa)^ and 105 
teeth in each row, 
giving a total of 
14,176 teeth in 

the whole tongue; but this is surpassed in the 
largest British land snail (//. pofnatui)^ where 
the total is 21,140, dis])Osed in 140 rows of 151 
each ; w’hilst in one of the slugs {Limax cinereus) 
tliis number is swollen to 28,800, placed in ICO 
rows of 1 80 each I As tbe teetli in the front wear 
away their place is 8ni)plied by the next in order, 
fresh teetli forming at the back, to be eventually 
used in their turn. Behind the moutli, which is 
amply supplied with salivary glands, we find the 
cesophagus, which leads down to the stomach, 
whence the intestinal canal arises, and coming 
back again towaids the head along the right side 
of the body, passes through the folds of the liver, 
ti^rminating just within the respiratory orifice. The 
renovattKl blood is brought from the pulmonary 
cavity by a large vein to tlie heaH, which consists 
of a single auricle and ventricle, whence it is 
pumped tlirough the liody again, llie nervous 
system consists of three ganglia, or nerve-centres, 
ctmnected with one another by nervous cords. 
The principal one, or, “cerebral ganglion,” en- 
circles the alimentary canal just Ixdiind the obso- 
phagus. From it proceed the nerves that pass 
to the tentacles, or horns, and to the mouth. 
The other two supply the foot, viscera, and respi- 
ratory organ. In this lespect, tlierefore, the snail 
offers a gi’eat contrast to the insects, in which there 
is a nerve-centre for every segment of the body. 

The extremities of the upi)er and longer pair of 
“ boms ” terminate in a round knob surmounted by 
a black sfieck — the eye. This, though not so per- 
fect as in the cuttle-fish, is nevertheless sufficiently 
developed to enable ita owner to distinguish, 
though vaguely, the nature of surrounding objects. 
The method by which these eye-stalks are drawn 
into thtf visceral cavity when danger is apprehended, 
and thrust out again when the cause of alarm has 
passed away, is worthy of attention. 



SNAILS AND SLUGS. 


245 


Each of these tentacles (Fig. 5) is a hollow 
flexible tube, whose muscular walls are composed 
of circular fibres. The special muscle by means 
of which this tentacle can l)e drawn in is at- 
tached to the 
base of the eye 
at the extre- 
mity, and, 
passing down 
the tube, joins 
the geneml 
muscular mass 
of the foot. It 
is accompanied 
by the o]>tic 
iMUwe, which 
likewise passes 
along the tube, 
couTiecting the 
eye with the 
cerebral gang- 
(effl Ceri'lirnl OangUoii; (w, n) NrrvoH; (w, »«) UC' lion. When 

imctor MuRcleii ; (t J— 4» TuntftcU'M 

the niuscle 

contracts, the tip of the “horn” is drawn in- 
wards, followed gradually by the remaining jx>r- 
tion, just as, to cpiote a well-known example, the 
finger of a glove can l.>e pulh^d in and completely 
invertfid. Its piotrusiou, on the other hand, is 
effected by the action of the muscles that compose 
the tubular wall of the t(mtacle itself. By 
concentrating the rays of the sun or a lamp on 
the extended tentjicles of a living snail and look- 
ing at them through a magnifying-glass, the exten- 
sion and retraction of these organs can e^isily be 
sttidied, the action of the muscles noted, and the 
trouble of dissection obviated. The inferior and 
shorter pair of tentacles undergo inversion in the 
same way as the lai’ger pair ; but they are desti- 
tute of eyeSf serving, apparently, merely as organs 
of touch, in which they are supplemented by the 
sensitive skin of the creeping disc and l)ody. 
Where the sense of smell resides in a snail is not 
yet determined; but that they do possess this 
faculty we have abundant evidence to prove. 
Slugs, too, are attmoted by offensive odours, and 
many marine mollusca, like tlie Whelk, may be 
catight by animal baits, esi)ecially if those be at all 
«high.^^ 

The means of recognising sound is provided by 
vesicles which are situated at the bases of the ten- 
tacles. They consist of simple cavities containing 
a fluid, in which the ‘ otoliths * (or ear-stones) ai’e 
suspended. 


The faculty of taste, if possessed at all, must be 
very faint indeed, judging from the structure of the 
mouth and tongue. Nevertheless, a cei’ttiin amount 
of discernment appears to be exercised in theii 
choice of diet, since they exhibit a preference for 
plants of the j>ea and cabbage order, and will emi- 
grate or fast sooner than touch the white mustard 
plant. Some, again, seem to pi’efer animal food, 
es|)ecially when “ taintixl,” to vegetable diet. 

On turning over an old flower-pot in a damp 
comer of the gai*den, one sometiines meets with a 
numl)erof small round bodies, soft, semi-traiispai'ent, 
and about the size of small peiis. These are the 
snail’s eggs. Tlieir only protection is a tough alhu- 
miiious envelope ; whilst some of the foreign s])ecie8 
BuUitius, a genus closely allied to the Helices^ lay 
eggs as largtj as a pigeon’s and, like them, enclosed 
in a firm, white, ealcaroous shell (Fig. 6). Soino 
three or four species of the Helices are vivi^ 



Fi|f. 6.— Bul'niiis and Egg. 


parous, the young snails jmssing through the early 
stages of their development within the body of the 
parent. None of these, however, ai*e Britisli. The 
eggs of the garden snail, in number about 100, are 
usually laid in the summer; the young snails 
api)ear at the end of from fifteen to twenty days, 
and by the autumn have attained about a thin! 
of their full size. Each considerable inclement 
of tlie shell is performed underground, whither 
they retire for the purpose, and buiy themselves 
head downwards. 

During the winter they hybemate, buiying them- 
selves in this case head upwaixis, or they will retire to 
sheltered nooks, in either case closing the moutli 



. 5.— JDittgram of the Structuro of the 
Tentacles. 
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of the shell with a hardened layer of mucus, or 
slime,” known as the epi 2 )hmgm.^ On the return 
of the warm weather they bui*sfc from their con- 
finement. and complete their 
growth within the end of their 
first year. Their lives, how- 
ever, are short, and tliey do not, 
in the natural state, seem often 
to survive the second winter; 
but in confinement they will 
atfaiii the advanced age of six, 
01 even (fight. Perhaps one of 
the most intei’esting examples 
of long-enduixid compulsory 
hybernation was that undergone 
by one of the Desert Snails (Helix de^ertorum)^ 
from Egypt, who had been stuck on a tablet in the 
British Museum in Miu-ch, 184G, and was found 
to Ixi still alive in March, 1850. 

Instances of malformation in the shell of our 
friend aitj tolerably common, snails, like other 
njortals, being liable to accidents. Oases of mon- 
strosity, such as reversed or left‘handed varieties, 
where the shell has been wound the wrong way, 
have occasionally been met with, in which case 
the relative positions of the internal organs are 
reversed too; but the most extraordinary KIK^ci- 
inen of abnonnal growth is the curious cornucopia- 
like vai'iety now in the British Museum, a distor- 
tion towards which the malformation we figure 
(Fig. 7) presents but a faint approximation. 

Tlic ca|>ability of re[)r<Klucing lost or damagcsl 
{>ortioiis of the b(Kly is another chai'acteristic of the 
snail, and one which it possesse^it in common with 
many other creatures both higher and lowtn' than 
itself in the zoological scale. The expuiimuits of 
tin’s Abl)^ Spallanzani show tliat the tentacles, if 
cut off, C5an repixMluced, eyes and all, at the end 
of about two months. Even the I'emoval of the 
whole head seems but to cause them temjK)rary in- 
convenience, as it is entirely and perfectly repro- 
duced after a little time, duifing which the mollusc 
keeps close within his shell. 

The foregoing remarks on the Common Garden 
Snail apply, with but slight exceptions, to all his 
intimate relations. Prominent amongst these is 
the handsome Yellow-banded Snail so common 
on all hedgerows, and by far the most gaudy 
of the British Helices* There are two distinct 
species (at one time regarded as varieties) of this 

* Tlie Edible Snail {Hdix pomatia) derivei its name from the 
very thick and solid ** epiphragm it forms, poma signifying 
‘^id.” 


mollusc.* In one (H, hortensis)^ the lip of the shell 
is white ; in the other (//. munoradis)^ brown. Of 
these, the white-lipped form appears generally to 
be the smaller. ^ 

The bands wfitb which this shell is striped vary 
in number from one to seven, and though generally 
of a cbocolate-browu cjolour sometimes apj^ear quite 
colourless on the yellow shell. 

Then there is (Fig. 8) the large Roman or Edible 
Snail (//. pomatia), imported into this country by 
the Romans. It is renowned both as a delicacy, 
and, on account of its reputed virtuc^s, as a remedy 
in cases of consumi)tion, which, it is said, lias in 
seveml instances been entirely culled by a Wigimen 
of the mucilage from these snails. On the 
Continent the Roman Snail is considered a gr^t 
delicacy; but the Garden and Yellow-baiiLded Snails 
are the kinds moro commonly eaten. A snail 
feast is held anmuilly in the South of France 
on Ash Wednesday, when large numbers of them 
are consumed. An analogous custom is said to 
prevail in our own country amongst the 0[K3rative8 
of Lancashire, and at Newcastle. The Roman 
Snail is very local in England, and confined to the 
southern iKirtiouof the island. It is very plentiful 
at Keigate, and after a smart sliower may be seen in 
abundance on the steep chalk face north of tli<3 
town. Another hwal snail is the prettily-banded //. 
PiscDWf only to Iw fouiul in Cornwall, South Wales, 
south-Ciist of Ireland, and Jei*sey ; whereas in 
♦Spain and Houtlnmi France, it. is common, so that 
it ivould Ik? interesting to know how it came to 
these isolated spots in England, more especially as 
it is unknown in Nortlmrn France. 

In direct contr{\8t with the scarcity of this last 
8|K*cie8 is the abundance of such forms as the 
Kentish Snail (//. CAiutuiim)^ and the jiretty little 
Helixes, wliito banded with black (//. virgeUc^y 
that with two or three othein ai'c so plentifully 
scattered over the grassy slopes of the South 
Downs. I’hese last are alleged to be the cause of 
the suiierior flavour of South Down mutton, as 
the sheep must infallibly consume them in laige 
quantities when cropping the Bhoiij gi’ass. Al- 
together in the Bntish Isles there are some 
thirty species (if we include their first cousins, 
Hyalina) closely allitnl to our friend the Common 
Garden Snail. 

Inteimediate between the Helices and the slugs 
comes a cunous little genus, Vttrina, represented in 
this cdlmtry by a single species that unites in itself 
characteristics typical of its relations, so to speak, 
on eitlier side. Thus it possesses the shield and 
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conspicuous resjmutory oiiiice of tlic slug along 
witli the whorled shell of the snail. It is a very_ 
pi'etty little mollusc^ with a thin, transparent, glossy 
shell that is more or loss soft when the animal 


is alive, but becomes brittle after its death. 
It dwells principally amongst moss and dead 
loaves, and though professedly a vegetarian, likes 
nothing better than a good menl of an animal 
nature. 

Slugs, to which we next conn?, present, as every- 
body knows, one very marked dithavnce to the 
snails in that they are devoid of any external shell ; 
nevertheless, the majority of them possess a small 
shell, or the rndiment.s of it, concealed beneath the 
oval prominence on th(‘ back — the mantle, fre- 
(piently teimed the “ shield.” 

The anatomical structure of th<*se homcd(*s.s 
molluscs closcdy approximates to that of their 
householder brethr<m ; Init in the oiu^ case, as we 
have alrea<ly seen, the visceni ai^e separate from 
the foot, and an^ carried coiled nj) on the back 
and enclosed in a shell-secreting mantle ; in the 
other, these organs lie along tin? back nnder tiro 
same tough muscular skin that clothes the 
foot, the mantle reduccid to a mei’c patch on the 
back, secreting calcareous matter on the inner 
and not the outer surface. It is significant that in 
the Helices, too, the first de[)osition of shell pro- 
bably commences by the formation of calcareous 
granules within the substance of the mantle. 
Tile want of a ca})aciouB shell as a protecting 
stronghold in times of danger is nevertheless com- 
l^ensated to the slug in the additional facility with 
which, freed from such enoumbmnee, it can con- 
tract, and retreat into cracks and crannies whither 
it would be impossible for the snail to creep. 
By way of proving the mlo that slugs have no 


external shell two members of the tiibo carry a 
small, ear-sliaped, calcareous shell stuck on tlie 
jKJstiJiior extremity of the body, whercj it is situated 
nearly over the respiratory orifice. Wliy the 
mantle, with the attendant 
breathing appai*atus and shell, 
should be ix)sted so far back in 
this genus instead of 

Isdng situated well forward, as in 
the i*est of their tribci, is not at 
first aj)pai’ent. WJien, Jiowever, 
the habits and mode of life of 
these' two, HO to sj)eak, eccentric 
individuals an; taken into con- 
sideration this p(;culiarity of struc- 
ture is no loiig(;r mysterious, 
llio TeaiaceXlm are carnivorous, 
and feed on earth-worms, which 
they fearlessly pui*sue through 
the dark ami tortuous ] ms- 
sages of theii* underground burrows, and wliich 
they will d(;vour even if many times their own 
length. Now, W(;re the; respiratory orifice placed 
as in the rest of their race it would be liable 
to become choked up with partich?s of earth fall- 
ing from the sides of the worm’s Ihutow. Nor 
would a pr(>t(;cting shell in such a position be 
of the smallest use, as it would catch against every- 
thing, if it did not ])ositively preclude the aiiiinal 
altogether from entering the narrow passage. 
Moreover, were the burrow a narrow one, and 
tin; slug full sized, the; animal would inevitably bo 
snlFocatod because; no air could get to the; pulmonary 
cavity, since tlie elasfic, slimy body would com 
ph'U'ly block the way. Plac(;d as we; find thean, 
the sing is cna]»led to make full use of these 
organs ; it can breathe fiee'ly, the orifice beiii^» 
epiito ill the rear ; it is in no dange-v of being 
choked by earth, for the; shell guards the; entrance 
of the cavity and serves, in addition, ns a bucklei 
to shield the creature from hostile attacks in 
that quarter, without hindering its progr(;KH. In 
otlmr words, to put tlie matter in its proper light, 
those TeMacpXlm which were the better able to 
bixmthc in the narrow tnick, and wei-e Viest pro- 
tected, were also the better qualified to jnimu; their 
pix;y, and thei*efoi*e te live and perjietuate their 
sjiecies. 

The peculiar food of the TeMacellm has likewise 
engendered sj^ecial modifications of structure in its 
mouth and tongue. The former is exceedingly wide 
and capacious, the comers, when it ts at rest, pro- 
tniding till they resemble a iliird i)air of tontaclea 



Fig. 8.~*Tbe Homau or Kdible Snail {VLcMx pomulia). 
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The tongue is correspondingly large and wide, 
with about fifty transverse rows of teeth (Fig. 9). In 
each row are fifty one slender teeth barbed at the 

points, which, as 


K/,fi 

Piff. 9. 


Part of Odoiitopliore of TtHtacilUi 
haii»toidej<. 


mother molluscs, 
ai’e dii*octod to- 
w’ards the back 
of the month, 
aiding in passing 
th<j food on to 
the gullet, so 
that the more tlie 
worm struggles 
to fi*ee itself the 


more surely does it become engulfed. 

The Testacellita an) linked to Vitrina by a Con- 
tinental genus (DaudpharcUn), in which there is no 
shield; but the ]mlmonary sfic is situate^l at the 
jiosterior c‘xtremity of the body, and txivereil by a 
little sijii-al Vitrina-like shell. On the other hand, 
it is connected with the slugs proper by another 
Continental genus {Parmacdla)^ where the sliield is 
in the centre of the body, concealing a small shell 
within its folds. 

The remainder of the slug family ai’e too well 
known to need more than a [rnssing word ; every 
one has, at one time or another, met the magnifi- 
cent Bliick Slug ater) taking his walks 

abroad in the cool <lamp of an autumn evening; 
or has swn the large Ash giay Slug {Linutx cincre/ns), 
with his black stri|)es ami other deconiticns, wdio, 
in company with tlu) Yellow Slug (A. Jlavu^)^ haunts 
the dust-liiii and cellar, feeding on the refuse matter 
from the table. The latttu* has gained the reputa- 
tion of being able to clean lames well, and of exhi- 
biting a liking for cold jiotjitoes. 

Who, too, that keeps a garden luis not liad cause 
to mouni the depredations of the smaller but more 
destructive Grey Slug (l/tuiax agrentui), a sjiecies 
which is, unfortunately, very prolific, and brings up 
several families in the yciirl 

To trnce the gar<len snail’s ndations in the opfio- 
site direction away from the slugs, would be to 
attempt to com])re8s the matei’ials of a manual into 
a few })ages. The kith and kin of our Hdix may 
he found figured and desci ibed in many a work, or 
sought for pmctically in the damp spots in which 
all snails love to dwell. For moisture is to them a 
nim qud non^ and the amount of water they will 
take into their systems is astonishing. Ex(>eri- 
ments made in this direction on Helix jmnatia tend 
to show that the quantity of water tlioy can absorb 
when in a hetilUiy state exceeds m weight that of 


the animal itself, and appears to be taken th(HX)Ughly 
into the system. 

The genus Helix is an exceedingly large one, and 
comprises nearly 2,000 known species, distributed 
all over the world, extending northwai'ds as far as 
the limit of trees, and southwards to Tierra del 
Fuego. The examples common in Britain ai’e spi*ead 
largtdy over the continent of Europe, and many 
of them extend into Northern Africa ; whilst some 
few are known to occur as far East as Siberia, 
and others are found even in the United States. 

The Yellow-banded Snail with the bi*own lip has 
lieou seen even in Greenland, in company with the 
Grty Slug (Limax agreatis). 

Doubtless, with the increased facilities of inter- 
communication between difterent countries, the 
pi’cstnit distribution is gmdaally changing. Species 
accidentally introduced into this country, or im- 
ported from it to others, will, if they meet with 
conditions suitable to their development, in process 
of time become acclimatised. i 

In this way Testacelki Mttugei was imported into 
England in 1829 or 1830, along with plants, to 
some nursery gi’ouuds near Bristol, whence it has 
spread to Devizes. Of the introduction of Helix 
ponMitia we have already s|K)ken, and Helix 
pimrui is prohalily another intruder. Our ex- 
ports are moi’e numerous, and apjwar to have 
gone almost exclusively to the United Statfjs. Sta- 
tistics show the successful trans-shipment to that 
country of thnn) sjH^eies of slugs (Avion fhorterutiny 
Lhmix, (igreMWf and L, and two snails 

(ionites ceMariv^s and Z. radiatnlm). The last- 
named went over in some casks. 

It is also probalde that Helix fusca was trans- 
]K)rt<Hl into Northern France from this countiy 
about the Ixjginning of this century, iis it was not 
observed tliei*e till 1838, and then only in the 
jmi't neai’est to England, the fii’st sjjecimens 
recorded being found in the neigh Iwurhood of 
Boulogne. 

Somewhat more than 200 sfs)cie8 of Helix and 
several slugs are known to us by their shells as 
oocuning in the fossil state. With one exception, 
none of these are older tlian the Eocene * jieriod ; 
this exception is a much mutilated shell of Helix 
from the Gault of Folkestone, preserved in the 
British Museum. 

Land snails, nevertheless, made their appearance 
at a much earlier date in the world’s history, for 
th<r Coal-measures of Nova Beotia have yielded 
specimens of a species of Zonitea (or closely allied 
^ See Frontispieoe to Soleaoe for AU,** VoL X. 
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form) aa well aa examples of a shell gmierioally un- 
distinguiahable from the ‘‘ Chrysalis Shells ” {Pupa) 
of to-day* 

A great number of our living Helices are found 
fossil in the upper Tertiary beds, such as the Pleis- 
tocene deposits in Essex, associated with forms now 
living on the Continent, but which have become 
extinct in Britain* Curiously enough, though the 
Tree-snail .{HeUoc arbtistorum) and the Yellow- 
banded Snails (H, nemoralia and hortensis), with 
their smaller brethren, are rather common in these 
Fresh. water Marls, the Garden-Snail (if. aaperaa) 
is, on the contrary, conspicuous by its absence, only 
a single doubtful example having been recorded of 
earlier date than that of the Roman occupation. 

Numerous and prolific as slugs and snails are, 
their numbers ai'e largely held in check by many 
powerful foes, leaving man entirely out of the 
question. Biixls devour large quantities of them. 
Ducks especially thrive on them, and are capital 
scavengers of an infested crop, when the plants are 
not too young. 

Every one is familiar with the stone altar on 
which the thrush sacrifices his victims, and has 
seen how, when he has foimd a choice snail, he 
files off with it to the sheltered nook where this 
stone lies, and raising his beak aloft brings the shell 
down with all his force on the stone, blow succeed- 
ing blow, till the fortress is battered in, and the 
inmate secured. This process being repeated with 
each fresh capture, the ground around the stone 


is soon strewn with fragments of shell. The 
lapwing has a very similar habit, and blackbirds, 
rooks, and starlings all enjoy a snail feast, swallow- 
ing the smaller kinds, shell and all. The hedgehog 
also helps to thin their ranks; whilst frogs and 
toads, together with slow-worms, consider slugs 
most luscious morsels, and treat them accordingly. 

Several insects, including the well-known glow- 
worm, deposit their eggs in the snail’s body, the 
grubs, when hatched, feeding on and finally destroy- 
ing their host. Whilst, to complete the list, comes 
a fungus that attacks the eggs of the Grey Slug 
{Li max agreatia), sometimes even before they are 
extruded from the body of the parent. Altogether 
apart from these internal plagues is the curious 
little being {Philodromua limacum)^ which especially 
infests some of the slugs. These minute acari (or 
mites), for such they are, appear to reside principally 
in the breathing cavity of the mollusc, though what 
they do there, or whether they penetrate farther 
still, has not yet been satisfactorily determined. 
At intervals they issue forth, and may bo seen 
running races with impunity all over the slippery 
body of their apparently unconscious host, the 
peculiar structure of their feet enabling them to 
keep their footing perfectly on the surface of the 
slimy mucus. To safely capture one alive for 
microscopic purposes is by no means easy, for the 
least rough handling destroys them, whilst they 
laugh at water, elude even the tenacious gras[) of 
Canada balsam, and are killed by sj^irits. 


A WATEE-WHEEL. 

By William Dundah Scott-Moncrikff, C.E. 


I N two previous papers, the relationships wore 
explaineil which exist between the two forms 
of force known os ‘‘power” and “work.” The 
one in scientific language is called"^ potential, and 
the other kinetic energy, and illustrations were 
given from among the forces of nature, as well as 
from the appliances of the arts, to show how the one 
is convertible into the other (VoL II., pp. 97, 225). 

In every kind of applied science the element of 
saving is of the utmost importance, and is an essen- 
tial feature of all true progress. What I now wish 
to explain is how saving can be conducted in a 
scientific manner, and to point out how it has been 
carried out in familiar appliances of the mechanical 
engineer. 
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As in the common affaira of life, so in those of 
science, saving may be classed under two great 
divisions : the fii*st of these having reference to 
the accumulation, and the second to the arf of using, 
our resources in a "wise and economical manner. 
Our resources having been accumulated, and the 
purpose we propose to ourselves in using them 
having been fixed upon, it will bo found that they 
invariably include two objects that are universally 
desirable, vus., the saving of time and the saving 
of labour, both of whicli include the saving of 
money as well. These are tlie great stimulating 
influences which urge us in our endeavours to 
obtain a substitute for the labou|* of the body ; and 
in making use of the supplies of energy wHoh are 
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discovered in nature, it will be found that true 
economy in the scientido sense consists in avoiding, 
first, waste of force-producing materials, and, second, 
waste of foixse itself. 

For our present purpose, then, we must divide 
matenals into two great groups: viz., those that are 
force-producers, and those that aie not. The force- 
producing group will supply amply sufficient to 
engage our attention. 

In the case of the materials which produce force, 
we must look at them in one or other of two 
distinct i)oint8 of view, that is, either upon their 
real or their comparative valua If we mix up 
these two, we find ourselves at once confused as 
to what the meaning of the word value really is. 
In order to show the difference between the iml 
and the compamtive value of foi*ce-producing 
matei-iala we cannot do better than use a common 
illustration of every-day life. We will find one 
in the case of a coin tlie value of which is con- 
tinually clianging, while the number of smaller 
coins which go to make it up I'emains constantly 
the same. Now, of the value of a coin such as a 
sovereign every man must be the best judge for 
himself as to whether or not it is worth his while 
to exchange it for something else, but of the 
number of |iennies in a sovei'eign no one can be in 
doubt, and it is either throtigh ignorance or care- 
lessness that anything short of a certain number is 
obUuned in exchange for it. Now, looking at our 
force-pnxlucing materials from the point of view of 
their comparative value, every one, as in the cas<} of 
the sovereign, must be the best judge of this for 
themselvea This value depends u}K>n the valu- 
able considerations wliicli must be given in onler 
to obtain the matenals and also upon the advan- 
tages which may accrue from their use : the balance 
b^itween these, as it hapi^ens to be on the right or 
wiong side, l>ecomes tlie standard of their compara- 
tive value. But something more than a knowledge 
of this balance is necessary in a scientific sense. 
Just as it would be im|K)Ssible for economy to exist 
amongst business men who were ignorant of how 
many jiennies go to make up a sovereign, so it is 
necessary to know something of the value of the 
materials in terms of an exact unit of measurement. 
The same reasoning holds good with regard to the 
emplo 3 rment of all the forces sup[)lied by nature, 
and it is req\ii8ite, in order to use them nicely, 
that we sliould know exactly what they are worth 
in tenns of some exact unit and standard measure- 
ment. This knowledge teaches us how to econo- 
mise our force-producing materials by informing 


us as to their theoretical or total value. In other 
words, it informs \is how to employ power and 
work, or potential and kinetic energy, economically. 

Turning our thoughts now to our supplies of 
force and force-producing materials, we must be able 
to arrange them in such a way as to apply the 
principle of saving in a manner consistent with the 
peculiarities of each. In order to do this it will be 
well to subdivide our resources into two groups : 
first, those that can be obtained direct from nature, 
as in the case of wind-mills and water-mills ; and 
second, those that require to bo converted from one 
form of energy tp another before they become 
available, such as the combustion of fuel and the 
production of electricity by means of the voltaic 
battery. The comparative values of these two 
groups may bt^ referred to a standard that rises or 
falls with the amount of labour which ds necjessary 
in order to obtain them. The first, wliicli may be 
had for the taking, involves the construction of the 
necessary machinery and the laboiu* required either 
in conveying the raw materials and the finished 
products to and from the source of power — a serious 
item in the early days of the cotton trtide — or 
in conveying the force-producing material to the in- 
dustrial centre, os in the case of oei*tain a(}ueducts. * 
The comparative value of the other gi’oup depends 
uj)on the scarcity or plentifulness of the materials 
from which it is supplied. If coal, which is at 
present, in our own country and many others, the 
principal force-producing material, woto as scarce 
as the metals necessary for the production of voltaic 
electricity, and those metals m plentiful as coal, and 
the acid required for the process as plentiful as 
oxygen, then the compamtive value of the two sots 
of materials would be reversed, and, no doubt, 
electricity would take the i)laco of heat as the great 
motive jK)wer of the world. As matters stand, it is 
chiefly to the heat-producing materials we must 
look for providing the means of saving time and 
labour upon a large scale ; but before turning to 
this branch of the subject, which will afford ample 
materials for another pnjwjr, it will be well to 
finish what has to be said about the first gi’oup 
of our resources which are derived directly fi*om 
nature. 

* An interesting illustration of the employment of water- 
power on a large scale is to be found in the town of Oreenook, 
where a moorland lake is made available for the force necessary 
for carrying on a variety of industries. In this case the enter- 
prise l-eferred to hoboed greatly in developing the trade of the 
town, but has taken a secondary place since the rival forces 
of the steam-engine have been proved to be an advantageous 
substitute. 
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In the case of the great aouroe of pov^er to be 
disoovered in the operations of the sun in raising 
water to lofty elevations above the level of the sea, 
through the medium of the clouds and the rain-fall, 
the real power value depends upon the difference 
between the height at which the water is stored 
and the height at which it is used. If this is 
doubled, the amount of force is approximately 
doubled, and so for every increase or diminution 
pix)j>ortionally. This being the case, it becomes 
evidently the business of practical science to store 
the wat<ir at the highest possii)le level and use it 
at the lowest. The number of force units stored 
up in the form of potential energy in the elevated 
water are simply the e(puvalent of those that 
would be necessary to place it in that position. If 
we take a weight of 33,000 lbs. of water and raise 
it to a height of 100 feet, and then suppose it to 
descend in one minute, an amount of force ought to 
be theoretically availaljle which is the equivalent of 
33,000 lbs. multiplied by 100 f(5et, or the power of 
100 horses of standard strength working daring 
the penod of one minute. If Ave multiply the 
height by 10, and thus raise the water to a height 
of 1,000 feet, instead of 100, then we get an 
equivalent to the work of 1,000 horses working 
during the same period. Now, although there is 
an evident advantage in making use of a difference 
between the height of the water and the level of a 
mill when in one case it is ten times higher, and is 
theoretically capable of doing approximately ten 
times the work of the other, it is equally clear that 
some apparatus must be devised in order to take 
advantage of the difference. With water-power it 
is not ix)ssible to havo a wheel of such a vertical 
diameter that a veiy high elevation can be taken 
advantage of in practice by tlio fluid following its 
revolution during the whole of the descent. Even 
if a wheel were constructed that could sjian the top 
and bottom of a fall of say 100 feet, even then the 
water would lose a considerable amount of its full 
theoretical force value. It is also clear that iji 
pnictice it would not be possible to take advantage 
of the potential energy of water falling from a 
great height ui)oii an apparatus placed at the 
lowest possible level, because the kinetic energy of 
the descending fluid would break the strongest 
mechanism to pieces. Some method of utilising 
the full measure of the natural forees refeiTed to 
was absolutely necessary in order to make an 
economical use of them, and the manner in which 
this has been accomplished will form a fitting cou- 
clusiou to the pi*eseiit [mper. 


The inventor, as M, Taiiiq remarks, is the true 
thinker. It is a mistake to suppose that liis dis- 
coveries are inspirations. Yeai*s of thought are 
often condensed within the compass of a single idiu 
that is ca|)able of being conveyed to the minds of 
others in a few moments' conveimtion. In the 
improvement of the water-wheel many minds have 
been at work for many years, but, roughly speak- 
ing, wo cannot be very far wrong in estimating the 
reasoning which led np to several of the most im- 
portant inventions in something like the manner 
following. The first difficulty that must have 
occurred to an inventor impressed with tlie faulti- 
ness of the old water-wheel was, no doubt, the 
obstacles that lay in the way of connecting the 
top and the bottom of the fall. But it has long 
been well known that the pressure of water in a 
pipe is proj)ortional to its height or head,- and 
that when it is confined in this way the total 
pressure at the bottom would be an available 
form of potential energy if an apparatus could 
be devised to take advantage of it. Once introduce 
an apparatus, such as a pipe, for confining the water, 
and the height at whicli it would be possible to 
make use of it would only be limited by the strength 
of the tube and of the machine wliich took the 
phrne of the common water-wheel. The substituted 
apimmtus would be required to fulfil the functions 
of a vertical wheel, but in such a manner as to con- 
vert a much greater amount of potential energy 
into work, in ])roportion to its size. Now as the 
amount of w^ork given out during tliis process 
would increase or diminish directly as the quantity 
of water delivered, this must liave forced the mind 
of the inventor to the conclusion that the luiw 
wheel must revolve at immense velocity in order 
to admit of a gnuit discharge. Insteail of a slow ly 
moving machine like a low-]jresKuro steam-engiuo, a 
high-pressure apparatus would require to be sub- 
stituted, in whicli grtuit velocity took the jilace of a 
large diameter. In carrying out tlie new plan, the 
relationBhi])s between the height of the fall and the 
spcHMl of the wheel reijuired to be rov(;rsed. In 
breast and over-shot water-whetds thti speed of the 
j)eiiphery decreased with the liead of^th(3 watei’, 
and the apj)aratus d(q>ended more upon its gimt 
radius than its speed for the development of work, 
as the following table will show. The fii*st column 
gives the height of the foil in feet, and tlie second 
the velocity of the rim of the revolving wheel, 
based upon what was found to be best when water 
was a more common source of jKiw^er than it is at 
present. 
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Fall of water 
in feet. 


» feet 


20 

40 


Velocity of peiiphery 
of wheel in feet 
per seoond. 

. 6-6 feet. 

. 6-8 „ 

. 4-2 „ 

3-4 „ 


At first sight it might appear tliat the lower fall 
was the more economical of the two, because in the 
case of the water descending from a height of 5 feet 
the periphery of a welbpro|>ortioned wheel moved 
at the rate of 6*6 feet j>er second, while with a 
height of 50 feet it moved only at the lute of 3*4 
feet in the same time. If the difference of the 
diameter, however, is token into account, it will be 
found that for the same quantity of water the 
lai*ger wheel develojis much more work in projMjr- 
tion, and was therefore more economical In the 
case of the small wheel the water works through a 
radius of 2*5 feet, and in tlie case of the large one 
through 25 feet, so that it ought to do ten times the 
work, or the full theoretical difference <lue to the 
difference of the falls ; but as it moves at only half 
the sjKjed it only does five times the work, and 
half of the theoretical value of the height of the 
water has therefore been lost. The old wheels had 
hitherto been classed under the following heads, 
and the figures opposite to them show the |)er- 
centage of work which w’^as obtained from them, 
the theoretical j) 0 wcr available being 1 *00 : — 

Under-shot (which includes the ancient apparatus of 
the floating mill, anchored in a running stream) *35 

Breast-wheel *55 

High-breast *60 

Over-shot wheel *68 


It will be seen from this table that the lowest on 
the list is the under-shot wheel, with a loss of 65 
per cent of the j)ower supplied by nature, but by an 
ingenious invention, known as ** Poncelet^s Under- 
shot Water-wheel,” the work available was raised 
to no less than 60 ])er cent, or a loss of only 40. 
As this was earned out on the same lines as the 
“ Turbine,” viz., by bnnging the sj^eed of the wheel 
into some reasonable proj)ortion to tlie velocity of 
the water due to its head, it will be well to explain 
it In the case of the over-sliot wheel, with a fall 
of 50 feet, the theoretical velocity of the water due 
to that head is at the rate of 57 feet per second, but 
the velocity of the periphery of the large wheel in 
practice was only 3*4 feet in the same time, or only 
about one-sixteenth of the velocity. The laige 
wheel was so arranged that each of the buckets 
had time to take a full load of water, and descend 
slowly with these in the course of its revolutions. 


It was in this way by no means a very wasteful 
machine, but its dimensions required to be enor^ 
mous to take advantage of a large supply of water, 
and the i)otentml energy of water moving at a high 
velocity was not in any way taken into account. 
The undei'-shot wheel was the api>ai*atus that had 
hitherto taken advantage of the pressure of the 
water, due to its head moving at a velocity in some 
reasonable proportion to that which is due to the 
fall, to a greater extent than the over-sliot wheel, 
which depended for the weight of the water falling 
slowly through a large diameter, or the breast-wheel, 
which combined the elements both of weight and 
pressure ; we accordingly find that the ratio between 
the speed of the periphery of the under-shot wheel 
and the theoretical velocity of the water, instead of 
being as 1 to 16 in the case of the ]^rge over-shot, 
could be made as 0*57 to 1, or rather more than 
one-half instead of ono-sixteenth. Tliis being the 
case, Poncelet imi>i*oved the ai’mngement of the 
under-shot wheel, so as to take advantage of this 
velocity, as shown in Fig. 1. Referring to the 
diagram, a is the water ; n B b the buckets ; c an 
obstruction placed in front of the wheel, so as to 
force the water through the channel x > ; and F a 
floor fitting the wheel accurately at g, and dipping 
suddenly at the point H, so as to allow the water 
to escaiw fi*Gely along the tail-race at K, By this 
arrangement the principle of the Turbine was to 
a certain extent anticipated, as the object was 
obtained of approximating the velocity of the i)eri- 
phery of the wheel to that of the water duo to its 
head ; and in the channel at p we have a step towards 
the introduction of the pii)e or tube which is one of 
the essential features of the high-pressure wheel* 

The inventors of tlie “ Turbine ” — for there were 
many, among whom the names of Barker, Jonval, 
Thomson, and Foumeyron are distinguished — 
having set themselves the task of saving the waste 
of power, which in the case of certain kinds of 
wheels, as has been shown, amounted to as much 
as 65 per cent of the total potential energy of the 
water, had first to arrange that tlie new apparatus 
should revolve at a velocity proportional to the 
height of the water, and not in an inverse ratio, as 
in the old ■wheels. 

* Referring to the illustrations, it will bo noticed that the 
shape of the buckets in Ponoelet’s wheel differs from those that 
had been previously employed in over-shot and breast-wheels, of 
which one or two types are shown. One of the most interest- 
ing of these is Faii^m’s ventilating bucket, wbioh was de- 
signed to allow of the chamber being completely filled with 
water which the presence of air without a means of escaping 
from beneath the descending fluid had a tendency to prevent. 
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The most Balieut distmotion between the older 
forms of water-wheels and that generally known as 
the Turbine, is to be found in the relative position 
of their shafts or axles. There was, and still is, 





an old kind of water-wheel constructed with blades 
like a vertical undershot, but plaibed horizontally 
and acted upon by a s^wnt of water. These are 
called roueta volants^ and are still used in the Sotith 
of France, and in Algeria, but with the exception 
of these the broad distinction introduced with the 
Turbine was tliat their shafts were upright instead 
of horizontal. 

The firat practical application of a water-motor 
in which one of the essential features is a pii>e 
conveying the pressure due to the head of water 
to an apparatus rotating vertically, is attributed to 
Dr. Bai'ker, whose invention came into notice in 


the seventeentli century. It is universally known 
as Barker’s Mill, and although depending upon a 
mechanical piinciple that is only employed to a 
limited extent in the modem Turbine, it was really 
the progenitor of all the "wheels with 
the distinctive peculiarity already 
refeiTed to of an upnght shaft. For 
a long time there seemed to be no 
reasonable way of accounting for its 
action. Its rotary motion arises from 
tho pressure of the water acting on 
all the interior surfaces of the appa- 
ratus including that portion of the 
horizontal tube immedijitely opposite 
to the point at wliich the water 
escapes. As thei’e is no coiTespond- 
ing pressure in that direction the 
water forces the tubular amis back 
wards, and if they are free to move 
they will turn round and perform 
any work tliat is adjusted to their i^ower. Im- 
provements were introduced by making the amis 
of the Barker mill of a curved fonii, and thus 
modified it became a very popular piece of me- 
chanism, especially in France, where it found much 
favour. Another stt^p in advance of the original 
was made by James Rumsey, who instead of bring- 
ing the water in at the top, an arrangement by 
which the apparatus required to be of great height, 
if the pressure of any considerable column of water 
was to be made use of, brought it in underneath. 
This made it possible for the first time to unite the 
top and bottom of a fall of water so as to utilise 
the pressure due to this height. 

A description of the various forces that have to 
be calculated upon in the construction of a mo<lem 
Turbine is beyond the scope of tho present pajier. 
It is enough to say that they are divided into one 
or two well-known classes. The success of the 
appamtus under high piessure led to tlie devising 
of methotls for making it available for situations in 
which the fall was limited, and lienee the name 
low-pressure Turbine, as opposed to tlie Imjh-pres- 
sure wheels adapted for great heads of water. 
Another broad distinction exists Ix^tween the 
wheel originally perfected by Jouval and Four- 
iieyron and that which is known as the vortex 
wheel. In the former the water invaiiably en- 
tered at the centre, and communicated motion to 
the apparatus, escaping, as in the Barker mill, at 
the periphery. In the latter, which was the inven* 
tion of Professor Thomson, of Belfast, and now 
of Glasgow, the water enters through suitably con- 
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«traoted paasagesat the rim, and esoapesat the centi^, 
giving tlie name of vortex from the peculiar whirl- 
ing tnotio\i, which is characteristic of the invention. 

Without going into further details, enough has 
been said to indicate how the problem of uniting the 
top and bottom of a fall of water has been solved. 
In desciubing the mechanism of the water-wheel, 
we have brought before the reader’s notice one of 
the oldest and most familiar forms of apparatus 
for taking advantage of a natural store of potential 


energy, and in the improvements which have been 
introduced, thei'e is an apt illustration of how 
saving, in a scientific sense, can be applied in the 
act of converting i>ower into useful work. We 
have still to explain how otlier stores of energy, 
converted into work by more complicated processes, 
can be treated economically. This matter, however, 
as it belongs to a difierent division of the subject, 
will moio appropriately form materials for another 
pai)er, than for treatment here. 


THE CHEMISTRY OP A COLOUR BOX. 

By Profeshor Barff, M.A. Cantar., etc. 


I T should be a matter of iiitei'eat to those who use 
paints to know something of their cotn}X)8ition, 
and I hoi>e that, amongst the young persons who read 
this article, what is here wntteii will increase that 
interast, and lead tliem, should they ever make art the 
chief employment of their lives, to learn the natui*e 
of the subsbiuces with which they woi'k. Ignorance 
of the composition of pigments, and how they act 
upon one another when they ai’c mixed, has Ijeen 
a fruitful source of injury to modern pictures, as 
colours have changed their tints, and some have 
almost altogether dlsapj)eared. What are called 
the “ old Mastoi’s ” knew far better than modern 
])ainters how they could use their colours, because 
they either made or prepared them tliemselvos; and 
contmeiital artists, who are usually students and 
earnest men, either acquire themselves the scientific 
knowledge necessary, or work under the instruc- 
tion of those comj>etent to advise them. There ai*o 
some in this country who adopt a similar course, 
but they are only the few ; the many are content 
to blunder on in the old way, and the consef|uenco8 
are lamentable, as can be seem in the pictures at 
the National Gallery and at South Kensington. 

Although we are now chiefly concerned with the 
chemistry of pigments, it may bo interesting to 
describe the way in which pure colours are manu- 
factui’ed and prepared for use. Messrs. Winsor and 
Newton have allowed me to insj^ct their large works 
at Kentish Town, London, and it is from informa- 
tion obtained thei*e that I am enabled accurately 
to de8cril>e the way in which water coloure ait* 
prepared. In this article we have to deal only 
with water colours. After the colouring material 
of the paint is made, it is carefully gi*ound in 
water, and washed so as to remove dirt and rU 


impurities ; this ojxjration of washuig^is in many 
cases often i*ej>eated. The mill-stones between 
which the grinding takes place ai-e made of granite ; 
they work on one another horizontally, and are fed 
from above ; thtj scrapers, which remove the paint 
as it issues from between the stones at their edges, 
are made, in some cases, of the best stt^l, but where 
this metal might affect the colours injuriously ivory 
scrapers are used in the place of steel ones. When 
the jmints are ground sufficiently fine, they am 
dried slowly, some completely, others being left 
in a pasty condition ; they are then mixed with 
suitable quantities of gum, mucilage, and sugary 
matter ; the mucilage is used to give toughness and 
to pmvent the cakes from cracking. These mate- 
rials are added in different projx>rtion8 for diffeiYjnt 
colours, some requiring more and some less mucilage. 
The mills in which the paints are ground am beau- 
tifully made, and are expensive, each costing over 
£200. Soft coloiim are prepared with a larger 
quantity of saccharine matter, and are put into 
little china vessels, or into metal tubes, similar to 
those used for oil colours ; when contained in china 
vessels tlioy are covered with tinfoil. These 
colours, when well made, mtaiii their moisture for 
a very long time. Tlie mixture intended for ordinary 
cakes is dried till it is sufficiently plastic ; it is then 
rolled out to the requii'ed tliickness and stamped 
into the cake fonn by a die. Cake colours should 
never l>o kept in a damp atmosphere or be shut up 
in air-tight boxes, as they absorb moisture and 
become soft. 

We will now consider the reds first, then yellows, 
then* greens, and lastly blues, whites, and browns, 
our space only admitting of the colours generally 
used being described. 
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** Vermilion/’ — This beautiful red paint, which is 
so very valuable to the artist, is always made in 
large quantities, some two or three manufacturers 
in this country having the speciality. It was 
formerly impoi’ted from China, and Chinese ver- 
milion was considered to be the best. It is still 
obtained from that country, although English 
makers now produce an article equal, if not su- 
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Fiff. 1.— ApiMiratuH for geiieratiuK and drying: HydroKoa. 

perior, to the Chinese, Vermilion is a sulphide of 
mercury, and is composed of two hundred parts, by 
weight, of merouiy chemically united with thirty- 
two of sulphur. Sulphur and mercury unite 
directly at the ordinary tempomture of the air, so 
that, if some mercury be put into a mortar and 
be rubbed up with some flowers of sulphur, tho 
metaUic lustn) of the mercuiy and the yellow colour 
of tlie brimstone will disapjiear, and a grey powder, 
sulphide of mercury, will be left. If this be put 
into a hard glass tul>e, closed at one end, and be 
heated to a high temixjratnre, the powder will be 
converted into vapour, and will pass up the tube 
and be deposited in the cooler part of it, aljove the 
flame. This operation is called sublimation, and 
the sulphide of mei*cuiy so treated is said to be 
sublimed. If the tube be broken, and the deposit 
taken out and examined, it will be found to bo 
harder and blacker than the original grey 
sulpliide, and it generally has somewhat of a 
metallic lustre. When rubbed for some time in 
a mortar its colour becomes red, and the change 
is more complete the longer it is rubbed, for the 
{^articles become moi^e finely divided. 

Sulphide of mercury is found in nature ; its colour 
is red ; it varies in tint from a brick red to a bright 
vermilion, some pieces being sufiioiently fine to 
grind for a pigment. The native sulphide is called 
cinnabar, and it is the oro from which the metal is 


obtained. Sulphide of mercury can also be ob- 
tained by double decor aposition. If sulphuretted 
hydrogen gas be passed into a solution of nitmte or 
of chloride of meroury, a precipitate is thrown down 
which changes colour during precipitation : at one 
time it is whitish, it then becomes orange, and 
eventually black ; the black precipitate, when 
washed and dried, becomes a black iK)wder, having 
the same composition as that produced by rubbing 
mercury and sulphur together. It can be sublimed 
in the same way, and caii be converted into the red 
form by friction. Any one desiring to perform this 
exireriment can do so easily. The apiraratus for 
generating hydrogen (Fig. 1) can be employed. 
Instead of putting zinc into the bottle (a), 
sulphide of iron, which can be bought for six- 
pence a pound, should be used, and dilute oil of 
vitriol should be poiu*ed in through the funnel 
{a ) ; 8ul[)huretted hydrogen will tlieu Ixj given off, 
and will soon be detected by its peculiar smell, 
which resembles that of rotten eggs j the gas will 
be conducted through the delivery pipe (c) to the 
end of wliich a piece of glass tube, aboiit six or 
seven inches long, should bo attached V)y means of 
a bit of india-rubb(^r tube, and this should Ixs inserted 
in a test tube containing a solution of chloride of 
inei’cury, commonly, by druggists, allied coimsive 
sublimate; the solution should be handled with great 
care, as corrosive sublimate is, even in small cpiaii- 
tities, a deadly poison. It is wcdl to put tluj <lilute 
oil of vitiiol slowly into the Iwttlo (a), as then the 
action will not be too ropid, and the changes of 
colour of tlie precij)itato will be readily seen. The 
operation of subliming is not so eiisily performed by 
those who have not access to a regular laboratory, 
as it is almost necessary to heat the hard glass tube 
and its contents by the flame from a bellows blow- 
pipe ; if, however, such a source of heat is at com- 
mand, all that is necessary is to procure a piece of 
hard glass tube seven or eight inches long, and 
three-quarters of an inch in diameter, and closed 
at one end ; into this the black sulphide, per- 
fecihj dry^ should be put to the depth of alK)ut one 
inch and then heat.ed to a high temperature. The 
wet sulphide, made by the process just described, 
should be ])ut on a filter paper placed in a glass 
funnel, and when the liquid has run through, it 
should be washed with distilled water, which should 
bo three or four times iioured into the funnel ; it 
can then be dried ; the best way to do this is to 
stop up the small end of the funnel with a piece of 
cork and place it in a btjaker glass containing some 
water, and then by boiling the water its steam will 
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dry the contents of the funnel perfectly (Fig, 2). 
This is a very good way to dry all pi^ecipitates. 

For some time vermilion was largely made in Hol- 
land ; the pixKjess ailopted was what we will call the 
dry method. Mercury and sulphur, about 170 lbs. of 
the former to 50 lbs. of 
^ ^ ^ the latter, were heated to- 

gether, the sulphur melted, 
and the two were stirred 
gradually, the operation 
being performed in an iron 
pot. The temperature was 
not allowed to rise too high. 
The black mixture was, 
when completed, poured 

S out and allowed to solidify 

onaniron plate; it was then 

broken in pieces, and kept 

in jars rather larger than a 

pint |)ot. The cylindei's in 

which the vermilion was 

Fig. 2.— Showiuif the method made were about four feet 
of Drying Precipitates. , . , i o 

high ; they were made of 
fine clay, and strengthened with iron bands on the 
outside. Tliese cyl indent, glazed inside and 8top|ied 
at tlie bottom, were placed in a suitable furnace and 
heated ; when red hot the black sulphide was tluown 
in, a jarful or two at a time, till a sufficient charge 
htid been placed in the cylinder; the fire wjU3 kept up 
till the flames f)layed over tiro top of tlie subliming 
|xit or cylinder, and after a while the flames mode- 
rated, and when they played only a few inches above 
tlie thick smooth iron plate, with which the mouth 
of the cylinder was closed, the plate was i*einoved 
and it was found to be covered on its lower surface 


with lieautiful vermilion ; that which had collected 
on the upper part of tlie inside of the cylinder was 
pushed down, and a fresh plate put on, on which 
more vermilion collected, and in this way the 
greater part of the black sulphide of mercury was 
converted into the red variety, or vermilion, which 
was sulwjequeiitly gi-ound in water. Other methods 
of making vermilion by the dry process Imve been 
adopted in different plivces, but they all proceed on 
the principles just described ; it would be useless in 
an aificle like this to go into their special details. 
There are, doubtless, some trade seci’ets kept by 
dififerent makers, but these do not concern us, the 
chemical action in all cases is the same, and these 
secrets can but refer to manipulative processes, which 
are, however, of great im^xirtance in the production 
of a uniform and beautiful tint. 

Vermilion can also be prepared by a wet process 


which is extremely interesting, and here it is quite 
possible for an amateur to experiment If mercury 
and sulphur be rubbed toother, as already de- 
sciibed, a grey-powder is formed ; if this powder be 
placed in a Berlin dkh with a solution of caustic 
j)otash (133 parts of potash to 150 parts of water 
by weight), and if it be kept at a temperature of 
45° 0. for a time, the colour of the sulphide will be 
changed gradually, and at last a very brilliant ver- 
milion will be obtained. The temperature must 
never be allowed to rise above 60° C., for if it do so 
the tint will l)6come brown, Tlie author has often 
performed this experiment with succesa The mixture 
must be stirred occasionally, and fresh w^ater added 
from time to time, to take the place of that which has 
boiled away ; the fresh water should be addedwarm. 

Sulphide of mercury is insoluble in nitric add — 
whether the black, foraied by precipitation, or the 
red, made in any of the ways described — and this 
pro^ierty enables us to detect some of the substances 
with which this pigment is often adulterated. When 
mercury is dear (as it was a few yeai-s ago, and 
large quantities of adulterated vermilion were 
brought into this country from abroad) the temp- 
tation to adultemte becomes very strong. The sub- 
stances used for this puqiose are generally rod lead, 
i-ed oxide of iron, and an organic matter called 
di*agon’s-blood, which gives a red colour. If a 
sample of vermilion, in powder, be treated in a test 
tube with nitric acid and boiled, if no change takes 
place the vermilion is free from iron or lead. If 
the nitric acid becomes yellow, iron has been dis- 
solved in it, which may be proved by adding to the 
liquid, diluted with water, a few drops of a solution 
of ferrocyanide of potassium, which will immedi- 
ately produce a deep blue colour. If the nitric acid 
be colourless, still it may contain lead in solution ; 
to settle this |X)int dilute some of it with distilled 
water, and add a few dro{)s of iodide of potassium : 
if lead be present a briglit yellow precipitate will 
be formed which will dissolve on boiling, and will 
be reprecipitated, on cooling, in brilliant yellow 
scales. If a portion of the sample be treated with 
alcohol, if dragon’s-blood be present, a red solution 
will be produced. Pure vermilion, when heated on 
an iron pallet-knife, first turns black, and ikte 
sulphur bums off with a pale blue flame ; after a 
time the merouiy volatilises, and the whole disap- 
^lears ; if anything remains it is an adulteration. If 
iron be the adulterant, it will remain as red oxide ; 
if lead, it will remain as yellow oxide, and will be 
fused or melted ; and if dragonVblood has been em- 
ployed, it will give off a powerful odour. 
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There k ooxudderable doubt as to what causes the 
different colours of the sulphide of mercury ; the 
ohmical composition of both the black and the red 
being the same. Exposure to a high temperature 
puts the black sulphide into such a condition that 
fnotion changes it to red ; this seems to show that 
the oolour depends upon what is called mole- 
cular arrangement. To explain fully what this 
means would take a long time, but in simple woids 
it may be stated to be an arrangement of the 
minute particles of the compound which go to make 
up the mass, and as colour depends on the iK>w6r 
which substances have of absorbing and reflecting 
certain rays of light, different arrangements of the 
particles of the same substance can be conceived to 
hive a different action in these respects upon light. 
From the experiment last described, it will be seen 
that heat converts vermilion into the black sul- 
phide. If vermilion, which is usually of a crimson 
tint, be ground very fine and washed continually, 
the tint will be changed to orange, and in this way 
orange vermilion is made. Vermilion, when pure, 
may be used with safety as a pigment, but when it 
is adulterated with lead pigments it turns brown, 
and even black, when acted upon by foul air, which 
contains sulphuretted hydiogen. In order to 
perform the tests to discover the purity of the 
paint, the vermilion should be rubbed up with water, 
put into a glass vessel, and be allowed to settle ; 
the wateir should be poured off, and the process re- 
peated till all the sugar and gum have been washed 
out. This method of getting rid of the gum, &c., may 
be adopted with all heavy colours. 

“Light Red,'* “Indian Red,” “Venetian Red.” — 
The colouring matter in all these colours is the 
sesquioxide of iron, or ferric oxide. If some crys- 
tals of green vitriol, ferrous sulphate, .be heated, the 
water of crystallisation wUl first be driven off, and 
then the mass will turn yellow, and a hydrated ferric 
oxide wiU be formed ; if this be heated to a higher 
temperature it will turn rod, as the vrater of hydra- 
tion will be gradually driven off, and the tints 
assumed will vary as the expulsion of the water 
becomes more complete. This experiment is very 
easily performed on a piece of iron over a Bunsen 
burner, a spirit-lamp, or in a Berlin crucible ; either 
should be held in crucible tongs, to prevent the 
fingers being burned. A Bunsen burner can be 
obtained for about eighteenpence at a chemical- 
apparatuB-dealer's, and can be connected to a gas- 
burner by a piece of india-rubber tubing. If the 
red oxide so obtained be heated to a higher tem- 
perature, ^ 0 ., to a white heat, its colour will change 
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to a purplish-red — ^the tint observed in Indian red — 
a tint for the purity of which it is valued ; this 
change in tint is owing to the formation of some of 
the black magnetic oxide of iron, for ferric oxide, 
at high temperatures, gives up some of its oxygen ; 
and it will be remembered by those who have read 
the article on “Rust,”* that the composition of 
ferric oxide is twice fifty-six parts of iron to three 
times sixteen of oxygen, whereas the block oxide 
contains three times fifty-six parts of iron to four 
times sixteen of oxygen. 

“Indian Red** is a natural product found in India. 
Its colouring matter is, as has been stated, red 
oxide of iron, but tempered with some black oxide, 
which gives it its peculiar purple tint; being ati 
eaith, it contains silica and alumina. The natural 
product is gritty, but it is very carefully washed ; 
this washing is a very important operation in pn^- 
paring all natural products for pigments. The 
earth is ground up with water, and the heavier 
particles are allowed to settle ; the liquid is then 
I)oured into another vessel, and the finer particles 
subside first ; the licpiid above these is changed to 
another vessel, where the final subsidence of the 
remaining particles takes place. The colour is then 
ground very fine, dried, and mixetl for use. 

“ Light Red ** is made by calcining a very pure 
yellow ochre. The colouring matter of yellow 
ochre is the hydrated oxide of iron, so that when 
this is heated the water of hydration is driven off, 
and the anhydrous oxide of iron assumes its red 
colour. In making this pigment, gi'eat care is taken 
in the process of calcination, so as to secure the 
proper tint Being an earth, it contains silica and 
alumina. 

“V enetian Red *’ is an oxide of iron, more scai'let in 
its tint than the other reds, which owe their colour 
to the red oxide of iron. No doubt it was originally 
a natural product made from haematite, a mineral 
Ijrincipally composed of the red oxide of iron ; but 
now Venetian red is artificially prtjpared. Speci- 
mens of it which have been examined by tlio author 
have been found to contain sulphate of lime, and 
this leads him to suppose that in making it, a solu- 
tion of sulphate of ii’on had been ti’eated with lime 
BO as to precipitate the oxide of Iron, and this, with 
the sulphuric acid of the sulphate of iix)n, had 
formed sulphate of lime, a substance known as 
plaster of Paris. The precipitate thrown down in 
this manner is of a dirty-grey colour, but on being 
dried and heated to a red heat, it assumes a red 
colour. It is maintained by some waiters that 
♦ “Sdonoe fw AH,** VoL U., p. 94X. 
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Vettieiian red is made by calcining sulphate of iron. 
This may be so in some cases, but sulphate of lime 
occurs in much of it that is prepared as a pigment. 
Nor is the presence of this substance in any way 
ii\juriou 8 to its properties as a paint; it is Tery 
stable, and may be used with safety in water-colour 
painting. As it contains sulphate of lime it cannot 
be used in what is known as silicious painting, 
because, with silicate of potash, sulphate of lime 
sets immediately, forming a hard compound which, 
after a time, disintegrates and breaks up. It was 
from its behaviour with silicate of potash that the 
author suspected that it contained plaster of Paris, 
and subsequent investigation proved that the sus- 
picion was correct. 

It is very easy to detect the presence of iron in a 
pigment after washing out the sugar and gummy 
matters, as described in the treatment of vermilion ; 
if the solid matter which remains be dissolved in 
hydrochloric acid, and the liquid be filtered off from 
any insoluble matter, which will always be there in 
the form of silica in pigments which are prepared 
fi*om natural earths ; if it then be put into a test- 
tul>e and lie boiled with a drop of nitric acid, to 
ensure the conversion of ferrous into ferric oxide 
— for in one pigment (terra vert) iron exists as 
ferrous oxide — it will then be in a condition for 
testing. Tlie addition to this liquid of ferrocyanide 
of potassium will give a blue colour, and a precipi- 
tate on standing, if the quantity of iron present be 
small, but an abundant blue precipitates at once if 
it be present in large quantities. Sulphocyanide of 
potassium or ammonium will change the colour of 
the solution of the ferric salt to a rich ciimson 
colour, more or less intense, according to the 
quantity of iron which it may contain. There are 
many other tests for iron, but these are sufficient 
to determine its presence with ceHainty. 

^‘Pure Scarlet.” — Some colour-boxes contain a 
cake of pure scarlet ” It is used in flower-painting. 
It is thought well to mention it here in order to 
warn persons against it, as being a compound easily 
decomposed, and therefore very fugitive in colour. 
When well prepared its tint is very beautiful, 
which makes one wish that it were more stable. If 
to a solution of corrosive sublimate, already men- 
tioned as a deadly poison when treating of ver- 
milion, a solution of iodide of potassium be add^Mi, 
a precipitate will be thrown down. If only a small 
quantity of the iodide be added at a time, directly 
the precipitate is formed it will be dissolved up 
again, showing that it is soluble in exoess of the 
corrosive sublimate solution, but if more iodide be 


added the precipitate will remain. It is at first of 
a pale salmon colour, but on standing for a short 
time it becomes, of a beautiful scarlet tint. It is 
soluble in excess of iodide of potassium, which may 
easily be proved by adding more of that substance 
to it. The precipitate is iodide of mercury (mer- 
curic iodide). If a wash of it be put on paper and 
kept for some time, the red colour will diminish in 
brightness and the paper will be stained yellow. 
If the wet i>aint be rubbed with an iron palette- 
knife it will be decomposed at once, and the colour 
will change to a dirty grey ; therefore no iron must 
be allowed to touch it, or, in fact, any other metal. 
If in painting it is allowable to use it at all, it 
should only be employed in what is called oil- 
iminting, by itself, and mixed with a good, quick- 
drying, hard varnish ; it should m 9 er be used in 
water-colour painting. 

“Lakes” are prej>ared by the precipitation of the 
colouring material from certam solutions of organic 
colouring matters, animal and vegetable, by alumina 
or some other metallic oxide. Alumina has the 
property of uniting readily with colouiing matter, 
and precipitating it in an insoluble fom. It is on 
this account used as a mordant in dyeing — that is, 
as a substance to fix the colouring matter of the 
dye, 80 as to prevent its being washed out ; to 
make it “ fast,” as it is termed. Lakes are made 
in various ways, and the brilliancy of their colour 
de]^nds upon the great care taken in their manu- 
factui^, and on the accurate adjustment of the 
materials used, as well as on the temj)eratures em- 
ployed in theii’ precipitation and in the process of 
drying. If to a solution of cochineal a solution 
of alum (free from iron) be added, and both be 
warmed, after standing some time a precipitate will 
fall down, the alumina of the alum will carry down 
some of the colouring matter of the cochineal, and 
the result will be crimson lake. Other matters 
l)e 8 ides alumina will carry down the colouring 
matter ; sometimes a tin salt is used, and then oxide 
of tin becomes the precipitant. Tin is said to 
improve the colour. I have been informed by some 
of the largest manufacturers of lakes in this 
country that they never use tin. Carmine is a 
lake, and is made by using a stronger solution of 
cochineal ; it therefore contains more colouring 
matter. Carmine is sometimes prepared in the 
following way : — Freshly pi-ecipitated alumina is 
addted to the solution of colouring matter, the, 
mixture is warmed, and the precipitate allowed to 
settle; it is then filtered and dried. Lakes are also 
made from an infusion of BraxU-wood with aluni^ 
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bat thaj are inferior in oolour to those prepared 
with cochineal The oolour of cochineal carmine 
and lake is very fugitive ; it is readily acted upon 
by light. If a piece of paj)er be covered with a 
wash of lake or carmine, and if half of it be exposed 
to sunlight, the other half being kept in the dark, 
that which has been exposed will gradually lose its 
colour, as may be seen by comparing it with the 
other half after the lapse of some time. The 
fugitive diaracter of this paint is very unfortunate, 
as its colour is so very rich and beautiful. There 
are, however, lakes and carmines prepared from 
a different colouring matter which are very stable. 
Madder, which is obtained from the root of Rv})ia 
iinotorunij is used largely as a dye, and is also 
employed in the preparation of carmines and lakes. 
The root finely ground is soaked in water, and to 
the coloured solution, which has a beautiful pink 
tint, alum is added. The mixture is heated to the 
temperature of boiling water for four hours, it is 
then filtered, and carbonate of potash is added, 
which precipitates the alumina with the colouring 
matter of tlie madder. Madder carmine is made 
from a stronger solution of the madder root. 
Madder colours may be used with safety, as light 
has no action on them. Yellow lakes, which are 
very unstable, are prepared in a similar way from 
a decoction of Persian berries mixed with a solution 
of alum and precipitated by soda. Quercitron and 
amatto are also used for making yellow lakes. 
It may be well to mention that, as madder is very 
expensive, colours made with it are sometimes 
imitated and adulterated. Many specimens from 
abroad have been proved to be so, cochineal and 
safflower being used for the puq 308 e. In order to 
detect these frauds a solution of ammonia can be 
used, in which cochineal and safflower colo\irs are 
soluble, whereas those obtained from madder are 
not. When a pure madder colour is treated with 
ammonia it remains unchanged, the liquid remain- 
ing colourless ; whereas, in the case of the imitation, 
the ammonia becomes coloured. 

“Yellow Ochre” is a natural earth, and is prepared 
by washing and grinding. Various tints of yellow 
ochre can be obtained, according to the qualities of 
the earths, which are found in different localities. 
Boman ochre, Oxford ochre, and many others, are 
named as pigments ; the care taken in washing and 
pi'eparing has a great deal to do with the beauty 
and tint of the paint.- Tlie ochres are all coloured 
with hydrated oxide of iron, and contain silica and 
alumina. They are very permanent j specimens of 
them are preserved which were used centuries ago. 


All ochres can, by calcination, be converted into 
reds; how this happens has been already explained. 

“Gamboge” is a vegettible pigment, and is o\y- 
tained from certain plants. Its principal source is 
a tree called Qcvrcinia Morelia^ of the order Gutti- 
fewe, which grows in Cambodia and Siam. The 
juice is obtained from the leaves and branches, 
which are first bruised. It is collected in suitable 
vessels, where it thickens. It is sent to market in 
various foims. Gamboge is a gum resin; in its 
natuml state it does not dissolve in water, but 
when rubl)ed up with it forms a yellow emulsion. 
When a lump of it is broken it has a conchoidal 
fracture. It has powerful medicinal properties, 
acting as a purgative. It is soluble in alcohol, and 
from its solution can be precipitated in the state 
of a fine yellow powder, and in this form it is 
usually made into cakes for the coloui*-box. Gam- 
boge has decidedly acid properties ; it decomposes 
carbonate of potash or of soda, on boiling, and the 
salts formed are red, which can be precipitated, 
like soap, by common salt Gamboge is a fairly per- 
manent pigment. Ammoniacal vapours affect it 
and darken its tint ; light has but little action upon 
it. To water-colour painters it is a very useful pig- 
ment, but it is rarely used in oil painting. Arti- 
ficial gamboge is sometimes made from turmeric 
and other materials, but it is not good, and by no 
means as permanent as the true article. 

“Cadmium Yellow” is made from sulphide of 
cadmium, and is not liable to be affected by foul 
air. When pure and well made, it is a very reliable 
pigment, but from the price of the metal cadmium 
being high there is gi'eat temptation to adulterate 
it with cheaper materials which do not injure the 
delicacy of its colour. There are several methods 
by which the sulphide of cadmium can be prepared. 
First, by passing sulphuretted hydrogen gas into 
a solution of a cadmium salt — the chloride or 
nitrate, which can be obtained of any chemist, will 
do; as the gas passes into the solution, a light 
yellow precipitate is thrown down; when all the 
cadmium is precipitated os sulphide, the contents of 
the test-tube, in which the operation is conducted, 
should be thrown on a filter paper in a funnel, and 
washed ; the yellow precij)itate can then be dried in 
the manner already described. A second method 
is to volatilise the metal cadmium with sulphur in 
a hard glass tube, out of contact with air — this 
condition is secured by having the tube closed at 
one end; here a darksr and richer yellow is 
obtained, and tints approaching to orange-red can 
be procured. Considerable practice and experience 
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i»jf© required to produce certain results, but it is 
very easy to try tbe experiments, which will con- 
vince the operator of the general character of the 
compounds formed by the different methods de- 
scribed. Here the difference of tint in bodies which 
are of the same chemical composition is due to the 
different conditions of the minute particles which 
form them. The substances with which cadmium 
yellow may be adulterated are the chromes, which, 
being colours containing lead, are liable to suffer 
from the action of foul air; this adulteration is 
very easily detected by the colour darkening under 
the influence of suli)huretted hydrogen. 

Chrome Yellow.” — There are several tints of 
chrome yellow, lemon and orange chromes being the 
chief; others, such as deep orange and red, are 
sometimes used. But we shall confine our attention 
to yellow and orange chrome. These colours are 
made from chromate of lead. If a solution of bi- 
chromate of potash be added to a solution of nitnite 
of lead, a yellow precijutate is obtained, much 
brighter in tint than cadmium yellow. If this be 
filtered, washed, Jind dried, chromatf^ of lead fit for 
ni..kiug a cake of colour will be obtiiined. Before 
tlrying, but after filtering and washing, take some 
of the moist chromate, put it into a test-tube with 
lime-water, and boil ; its colour will change to orange, 
which will be deeper in tint the longer it is boiled, 
until the action is complete ; this can be filtered, 
washed, and dried, and powdered orange chrome 
will l>e the result The space allowed for this 
article will not admit of a full explanation of the 
interfjsting chemical changes which take place in 
these expenments ; but a few words may be written 
which will give some idea of them. Nitrate of lead 
is a com}X)und of nitric acid and lead oxide. Bi- 
chromate of i>ota8h, which gives a deep yellow 
solution, is a compound of chromic acid and potash, 
which is an oxide of potassium; when mixed in 
solution the acids change places, so that nitrate of 
lead becomes chromate of lead, and chromate of 
potash becomes nitmte of potash, or what is com- 
monly called saltpetre. Then, when the yellow 
chromate of lead is boiled with lime-water, tbe lime 
takes away from it soim of the chromic acid, so that 
after boiling long enough, chromate of lime is 
formed, some chromate of lead remaining chemically 
united with the oxide of lead, which has lost its 
acid to the lime ; the chemical name for this body 
is lr>aaic chromate of lead. At the works of Messrs. 
Winsor and Newton, after the precipitates have 
been thoroughly washed, in the moist stkte they are 
put into absorbent moulds, and when the water 


has nearly left the colour, they are dried in store* 
rooms heated to a toleiahly high temperature hy 
steam-pipes. Ail colours containing lead, in any 
of its combinations, are liable to turn brown and 
eventually black by foul air or sulphuretted hydro- 
gen. In fact, so vexy marked and rapid is the 
action, that it is ^ery easy to tell whether a pig- 
ment contains lead or not, by exposing it for a 
short time, in a moist state, to a current of sul- 
phuretted hydrogen gas, or to the action of water 
in which this gas has been dissolved. Fi'om this 
tendency to change colour, pictures painted with 
lead colours should be so fmmed that air can have 
but moderate access to them. Water-colour paint- 
ings are, when framed, always glazed, and are 
not therefore so exposed as oil paintings; but then 
the oils and varnishes used in painting, if good, 
serve as a protection to the paints for some time ; 
but water-colour pictures are not so protected, and 
therefore, when exposed to foul air, they change tint 
much more rapidly where lead colours have been 
used than oil paintings. There is no need to use 
lead colours at all, and artists who really care about 
the stability of their works should reject them. 
But many do not — a matter of no veiy serious 
moment to posterity in the case of very many 
modem English pictures, though picture-dealers 
may suffer by the deteriomtion in value of their 
proi)erty. 

Most of the greens used in water-colour paint- 
ing ave unsatisfactory. Sap green is made from 
vegetable juices, and is very unstable. The berries 
of the buckthorn, the green leaves of the woad, 
and other vegetable substances are used in its 
preparation; those, when pressed, yield a liquid 
which is evaporated, and the residue is made into 
cakes. 

“Emerald Green” is a compound containing ar- 
senic and copper, and is therefore very poisonous. If 
arsenic — the common white ai'senic of commerce — 
be mixed with acetate of copper in solution, a bright 
green precipitate will be formed ; this, washed and 
dried, gives emerald green. It is an unpleasant 
pigment to work with ; its tint is veiy violent ; it 
is very |>oi8onous, and not stable ; with cadmium 
yellow it is decomposed at once, and turns brown 
This would be an interesting experiment to try.; 
as it would show readily how some colours act 
upon others when in contacty destnying each others 
chemical composition and, therefore, colour. Bub 
a little emerald gi*een on a white plate, also some 
cadmium yellow, and then mix them together with a 
palette-knife, and their colours will soon begin to go 
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^^Prusaiim Bltie ” is prepared hy mudng together 
flolutionB of ferroojanide of potaesium and ordinary 
sulphate of iron. As these experiments are easily 
performed, and are interesting, it would be well to 
try them. Dissolve some crystals of ferroc 3 ranide 
of potassium, also called yellow prussiate of potash, 
also some sulphate of iron or green vitriol, in dif- 
ferent test-tubes and in distilled water ; then pour 
one into the other, and a dirty pale-blue precipi- 
tate will be the result. In another test-tube 
dissolve a very amcdl quantity of bichromate of 
I>otash; to the blue precipitate add a few drops 
of oil of vitriol, and then pour into it the solution 
of bichromate of potash ; instantly the blue pre- 
cipitate will be made of an intensely dark-blue 
colour ; when this precipitate has been filtered off 
from the liquid, washed, and dried, it will yield 
pure Prussian blue. The method here described 
is that by which this colour is commercially pre- 
|>ared. Another and more simple way of arriving 
at the same result is to add a solution of sesqui- 
chloi'ide of iron to one of ferrocyanide of potassium. 
Prussian blue is a very beautiful colour, and of 
great use to the painter in water-colours. With 
gamboge and other colours it makes beautiful greens, 
ajid with white its gradations of tint are true blues. 
It is a good pigment, only being injured by some 
mixtures which cannot well occur if the pigments 
described in this paper only are used. The colour 
of Prussian blue is destroyed by alkalies, but 
restored by acids. 

“Antwerp Blue” is of the same chemical compo- 
sition as Prussian blue, with this exception, that it 
contains some alumina. The presence of the 
alumina seems to enliven its tint, though it some- 
what interferes with the depth of its colour. 

“Ultramarine^^ is of two kinds, natural and arti- 
ficial. Natural ultramarine is prepared from a 
mineral called lapis lazuli : it is, in fact, the colour- 
ing matter of this substance, which is extracted 
from it by purely mechanical means. The stone is 
broken into lumps as large as nutmegs ; it is then 
heated in a furnace to a moderate temperatui'e, and 
then quenched in vinegar, which renders it friable, 
and also dissolves out carbonate of lime, which is 
always present in the ore ; afterwards it is ground 
to a fine powder, which is levigated for a long 
time with, a thin syrup of honey and dragon’s- 
blood ; it is then made into a paste with resinous 
matter, wax and linseed-oil ; after some days the 
AMS is treated with water, and the colouring 
matter is slowly washed out. The colouring 
loaotter yields different tints, and these are sepa- 


rated by suspension in water, the heavier particles 
subsiding first. Lapis lazuli is very costly, and the 
process of obtaining the ultramarine very tedious ; 
therefore the paint is very expensive, being worth 
its weight in gold. 

Artificial ultramarine is made by mixing freshly 
precipitated silica and alumina with soda lye till it 
is saturated ; there must be no ii’on present ; the 
proportions of silica and alumina must be as 31 to 
36 of the dry materials ; the dry residue is jww- 
dered, and mixed with flowers of sulphur in equal 
l)arts. These substances are carefully mixed and 
closely packed in a crucible, which should be full ; 
the crucible is covered tightly, and then heated as 
quickly as j)ossible to a red heat ; if heated slowly, 
the sulphur would be vaporised before it had done 
its work. The crucible is kept at this temperature 
for two hours. It is allowed to cool slowly, the 
cover and luting being left on. When broken, its 
contents are of a green colour. The green ultra- 
marine is put into a porous crucible and heated, 
when its tint changes to blue ; it is then washed 
carefully and prepared for use. 

Ultramarine resists the action of alkalies, but is 
at once destroyed by acids. If hydrochloric acid 
be poured upon it, sulphuretted hydrogen is evolved. 
It can be detected by its odour, and the blue colour 
is immediately destroyed. Nitric acid and sulphuric 
acid also decompose it. If blue ultramarine be 
heated in air it becomes green, but if sulphur 
be added to it before heating it retains its colour. 
Chlorine gas destroys its colour at once. 

“ Indigo ” is a vegetable colour, and is obtained 
from several different kinds of plants, but principally 
ohe various species of Indigofora. The /safts 
tinctoria^ or wood, also yields it in small quantities. 
The blue colouring matter of indigo does not dis- 
solve in water or alkalies, but if some of its oxygen 
be taken away by what are called reducing agents 
it becomes white, and this can be dissolved in 
alkaline solutions, but not in water. If this solu- 
tion in alkalies be exposed to air, the white indigo 
takes up oxygen and becomes blue, and this, not 
being soluble in alkalies, is precipitated. Indigo is 
prepared from the dried leaves of the plant. They 
are put into cold water for some hours. A kind of 
fermentation ensues. The fermentation must not 
be allowed to go too far, or the colouring matter will 
be destroyed. When the fermentation is completed 
the liquid is di*awn off, and it is a yellowish-brown 
solution. This is agitated for some time with pieces 
of wood, to bring it in contact with the air, by which 
it is oxidised, and the blue indigo falls to the bottom. 
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forming a sediment, which is drained^ dried, and 
packed for the market Indigo is therefore manu- 
factured abix)ad, and is sent ready for use to this 
country, where it is purified and prepared by the 
artist’s colourman. Indigo is particularly useful to 
the water-colour painter, both for its tone of colour 
and for its stability when used carefully. It does 
not mix well with white-lead, but white-lead should 
never be used in water-colour jiainting. 

“ Cobalt Blue ” is a very beautiful and enduring 
colour. It is made by precipitating a solution of a 
cobalt salt with alumina, then drying and heating 
the precipitate to a high temperature. Cobalt salts 
are pink in solution, and the precipitate of alumina 
and oxide of cobalt is of a pinkish-purple colour ; 
but when it is heated it assumes a very beautiful 
permanent blue tint. 

“Smalt” is also a compound containing cobalt, and 
deriving its colour from it. Smalt is really a cobalt 
glass ; it is made chiefly in Germany. A very pure 
mixture of the substances which make glass is added 
to oxide of cobalt and fused in a crucible ; a black 
glass is the result, which, when ground, yields a l)eau- 
tiful purple-blue tinted powder ; if the powder b(i 
gi’ound too fine, the colour is impoverished. It is 
difficult to lay on washes of smalt, and this is owing 
to the fact that tlie particles of the colour ore hard 
and sharp, and must not be too fine. Other mattere 
than true smalt are often sold for it ; many smalts 
are jwlulterated with phosphate of cobalt. 

“White-load” is rarely used in water-colour paint- 
ing ; it should be discarded altogether. White-lead 
is in its chemical composition a carbonate of the 
oxide of lead, often containing oxide luicombined 
with carbonic acid. Space will not permit us to 
describe the manufacture of this substance, but it 
will be well to state how a person can easily tell 
whether he has white-lead or Chinese white. White- 
lead always .effervesces when brought in contact 
with an acid. Put the sjxicimen which it is desired 
to test into a tcst-tulje, add water and a little nitric 
acid ; if it is white-lead, it will effervesce like soda- 
water ; then, when the effervescing has ceased, add 
water and pass in sulphuretted hydrogen gas, and 
the liquid will immediately throw down a block 
j)recipitate, which is sulphide of load. 

“ Cliinese White ” is oxide of zinc. Oxide of zinc is 
best prepared for making pigments by burning zinc 
in a current of air. It can be made by precipita- 
tion, but precipitated oxide of zinc is not dense 
enough for the artist’s purpose. Oxide of zinc is 
beautifully white, does not suffer from exposure to 
air, and can be used with pigments which white-lead 


ixgures. In water-colour painting there can be no 
objection to its use, but many will not use it in oil 
paintings from its not having as good a body as 
white-lead, and b^use it is somewhat more trouble- 
some to work with. Oxide of zinc is not iiyured 
by sulphuretted hydrogen, because sulphide of zinc 
is wliite. 

“ Permanent White.” — A cake of this pigment is 
sometimes put into tlie paint-box ; it is, I believe, 
never made up as a moist colour, because too much 
saccharine matter and gum interfere with its body, 
and cause it to look grey when wet, although it 
goes quite white when dry ; this change of tint on 
drying is on objectionable property. Permanent 
white, or, as it is sometimes called, comtwnt whiter is 
not aff(Mjted by foul air, and does not interfere with 
other colours when mixed with them^ It can be 
made by adding a solution of sulphate of soda to 
one of chloride or nitrate of baryta ; when the two 
solutions come in contact, a dense white pi'ocipitate 
is thrown down ; this should be washed and dried, 
and is then fit to use with a little gum-water. 
Sulphate of baiyta — that is the chemical name of 
the paint — occui’s native, it is called heavy 8i)ar ; 
when native sulphate is used it should be ground 
fine and washed with acid, hydrochloric will do, 
in order to remove any iron with which it may be 
contaminated. 

“ Raw Sienna,” — This pigment should be classed 
among yellows; but it is noticed here because it 
is closely allied to burnt sienna. Raw sienna is a 
natural pigment, its colouring matter is hydrated 
sosquioxidc of iron ; it contains silica and alumina in 
some quantity, more than tlie ochres contain, and 
therefore it yields a much more transparent pig- 
ment, It is a very useful colour to the artist, is 
perfectly trustworthy, and, wlieu the [lieces of earth 
from which the paint is prepared are carefully 
picked, gives a very beautiful though not pure 
yellow. 

“Burnt Sienna” is prepared by calcining raw 
sienna; the hydrated oxide losing its water becomes 
the anhydrous sesquioxide of iron, and the process 
of calcination renders it more transparent than 
the natural earth. Like raw sienna, it is perfectly 
stable. 

“Raw Umber” is a native earth; its colouring 
matter is an iron ore called brown haematite, which 
is a hydrated sesquioxide of iron, and manganese. 
These metallic oxides are mixed mechanically with 
clay, so that on analysis this earth is found to con- 
tain silica and alumina. 

“Burnt Umber*’ is made from the same earth by 
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heating it to a high temperature, which changes 
the colour of the oxide of iron and causes it to 
assume a wanner and darker tint. 

** Sepia is an organic pigment, obtained from 
the contents of a sac connected with the secret- 
ing glands in the cuttle-fishes. This juice, which 
is of a very deep tint, is used — as our readers are 
doubtless aware — by the fish to secure its escape 
from the enemies who seek its destruction. A 
very small quantity of the liquid is able to 
colour a large quantity of water; one part is 
said to be able to render quite dark one thou- 
sand parts of water. When the juice is extracted 


from the sac it is very quickly evaporated and 
dried, otherwise it would putrefy and become 
useless. It does not really dissolve in water, 
but it can be suspended in it in a state of very 
fine division. When the sepia is dried it is heated 
with a little caustic alkali, which does not destroy 
its colour ; it is rubbed up with it for some time 
and then boiled in more alkali for about half an 
hour ; it is then filtered, tlie alkali is neutralised 
with an acid, and a brown precipitate is thrown 
down, which is washed very clean, and is then 
made up in the usual way. This pigment is very 
stable, and of great use to the artist. 


GETTING WARM. 

By William AcKaovD, F.I.O., etc. 


S OME years back, in the main street of a 
busy town in the West Riding of Yorkshire, 
any one might have observed a very curious fact 
— ^the lower halves of several large plate-glass win- 
dows wei^ rent from side to side. A single glance 
was snfiicient to show that the cracks wei*e not 
produced by the stray missiles of certain street 
Arabs, for they had not that radiating or star-like 


Fig. 1.— Cracked WindoeTi. 

arrangement which is generally seen in such cases, 
but, instead, consisted of one laige rent proceeding 
from one side to the other, with one or two minor 
cracks branching therefr’om (Fig. 1), To account for 
this curious and highly inconvenient phenomenon 
was a sore puzzle to many of tlie good folks about ; 
some there were, however, more knowing than the 
rest, who arrived at a sensible and satisfactory 
explanation, thereby proving what is perhaps de- 
monstrated every day, nay, eveiy hour— that science 


is only, to use the words of Huxley, trained and 
organised common sense. 

It was midsummer. The windows of the shops 
where these cracks were to be seen faced tlie 
south, and were therefore exposed to the full 
glai’e of the sun’s light and heat. The lower 
halves of the windows — i.d., the cracked parts — 
were painted, on the inside, of a dun colour, and 
by two in the afternoon had become 
I quite hot to the touch, whereas the 
upper and un[>ainted halves were onl} 
slightly warmed. Herein lay the secret. 

When a substance is being warmed 
it expands, grows bigger in every direc- 
tion, and the following simple experi- 
ment (Fig. 2) well illustrates the fact : — A 
rod of copi)er or brass, a, just fits length- 
ways between the ends of the metal 
gauge, B, and its diameter is such that 
one end of it fits tightly into the hole, 

1 C, when neither is the hotter — tliat is, 
when both gauge and rod are of the 
same temi>eraturo. If now the rod, a, 
be heated in a gas flame, it will be 
found that it can neither be thrust into the 
hole, c, nor adjusted lengthways in the gauge 
as before ; for this heating has made it larger 
in eveiy direction, so that it is too thick to fit 
into the round hole and too long to fit into the 
gauge. This fact, which is hero so well shown, 
may be proved in many other ways equally simple. 
We may here give one, and then we shall show 
that the fact is usually recognised in the arts, and 
taken advantage of or allowed for as the cm may 
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ba Lei a flask, A (Fig. 3), be quite filled with water, 

and then fitted with a cork through which a glass 

tube has been previously passed. As the cork is 

being thrust tightly into the vessel the water will 

rise in the tube, say to a. Now place the flask in 

a basin of hot water. The 

^ first thing noticed is the 

y fall of the liquid column to 

T 6. The process of warm- 

I ^ iiig the flask has made it 

mBBBBSaa expand, its capacity has 

been increased, and the 

_ water in the tube falls to 

Fig. 2.— The Expansion of . , ... , 

Metals. take up the increased space. 

This does not last long, 

for soon the water within liecomes warm, and 

now it expands likewise, and there is a race 

in expansion between the water and the flask, in 

which the latter has got the start The water 

expands the faster of the two, however, so that 

soon the liquid column has reached a again, passed 

it, and arrived at c. 

And now for an example or two where the 
artisan makes use of, or an allowance for, this 
nearly universal law. The cartwiight who wants 
to fit the iron rim tightly on 
to a cart<wheel takes that rim 
and heats it in the fire until 
? it is I'ed hot, thus making the 

rim much larger than it would 
^ be in a cold state. The rim 

i i& now pressed on to the 

wheel, cold water is poured 
on to it, and in regaining its 
usual size in getting cold it 
I clasps the woodwork in a vice 

A there is no escaping from. 

Again, th(j reader may have 
notioe<l that in a tramway the 
ends of the iron rails are not 

Pig. a.-The E:.pni.ioi> “ contact ; there is a small 
ofWatOT, apace between each to allow 

the metals to expand on hot 
days. If this allowance were not made — if the 
metals were in contact end to end on a cold 
day — then, when it became warmer, Nature, re- 
lentless, and as if in scorn at man’s work, would 
tear up those rails, sleepers would be riven up, and 
bolts bent as if in play. What we have imagined 
in this last instance is the nearest approach to 
what took place when the plateglass windows 
were broken. The glazier fixed the windows as 
if they had been su^l panes, where tire amount 


of expansion is very minute indeed, and they were 
fixed in a rigid framework that would not give 
way. The painter, on his part, in his ignoranoe 
of certain principles we shall presently explain, 
put on a colour which led to the glass being 
strongly heated in the sun’s rays. This followed : 
the plate-glass was heated, and it expanded ; the 
frame of the window tried to restrict that expan- 
sion, and in the struggle the weaker had to give 
way, not doing so, however, until it was irre- 
mediably injured. The condition of the window- 
panes was not unlike that which Dr. F. Guthrie 
imposed upon specimens of glass of various shapes 
in a research on the fracture of such objects.* 
The accompanying six illustrations (Fig. 4) exhibit 
some of his results. The first, a, shows that 



Fig. 4.--GttUirie’(i ExiH^rimentB on the Fraoture of Colloide. 


when a round plate of glass is placed on a thick 
soft cloth, and is pressed in the centre by a round 
cork, it cracks radially — that is, the lines of frao- 
ture spread outwards from the centre. The re- 
maining figures, 6, c, d, e, and/, show what takes 
place when plates of glass of })eculiar shape are 
heated in the centre with an air-gas burner. We 
have here a difiereiice of temperatui’e between the 
borders and central ai*6as, which produces an in- 
ternal strain that relieves itself by fracture. Of 
this series of breakages, e and f nearest approach 
the conditions met with in the ^vindow-panes. 
The rigid fmme in the one case corresponds to 
the cold and comparatively non-expanding rim in 
the other; and there being a similarity in the 
conditions to which the glass in the two cases is 
exposed — viz., an expansion of a central area 
restricted by the comparatively non- expanding 
fi'amework — there is a likeness in the cracks 
produced. 

What was a mystery, then, is now a mystery 

* ** On the Fraoture of CoUoidi.** Prooeedinga of the Phjiioal 
Society of London, YoL XU., pp. 76-SL 
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no longer, for it will be clear to the reader that 
the agent at work was the sun; and two other 
facta, from their boldness and prominence, equally 
command our attention ; iirst, that the sun’s heat 
passed quite through the bare glass ; and second, 
that the sun’s heat did not pass thro\tgh the 
painted glass, the dun paint here evidently acting 
as an obstructionist. While we are, therefore, 
getting some idea as to the nature of heat, learn- 
ing what is going on when a substance is being 
warmed, we shall do well to look for and inquii*e 
into the use of two classes of bodies — one class 
the members of which, like the 
glass, apparently allow heat to pass 
through them without stopping 
much, and the other which stop so 
much that they soon become sensibly 
hot, or at least permit only a small 
quantity to get through. In this 
search we shall be materially aided 
by considering the similarity, and 
in some cases the identity, of light 
and heat. They both come together 
from the sun, and we shall see that 
they behave alike when we submit 
them to certain tests. 

Light in bent in passing from 
am medium to another ; so is /imt. 

The Bim{)le8t proof of this is the 
action of a burning lens, which, 
when held in the sun’s light, bends 
the heat-rays, just as it bends the 
light-rays, to a focus where objects 
may be burnt. It may be shown with one of the 
glasses of a pair of spectacles adapted for long 
sight, for if 8\ich a convex glass be held some 
inches from the back of the hand, so that the 
image of the sun is projected on to it, the heat 
will be very sensibly felt. Larger lenses are of 
course more powerful for this purpose, and we 
have seen that in times past effective scientific 
work has been accomplished in this way, as when 
Priestley discovered oxygen.* In the polar regions 
Dr. Scoresby has often lit fires and done other 
wonderful things with a lens made of ice. These 
facts, then, plainly show us that heat radiating 
from the sun is bent like light when imssing 
through suitably-shaped media. The question now 
arises, To what extent is it benti 

In working out this problem many interesting 
facts have been discovered. When a solar beam 
is passed through a prism it is evident that a 
« ««Sois]iosforAll,”yoLn.,i».m 
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sorting of the different kinds of light is effected, 
each ray being gathered unto its kind — red to red, 
blue to blue, Ac. Class distinctions here reign 
supreme, and it is found that dark fieat-rags have 
precedence of the red light-rays, just as red light 
comes before the oi'ange, and the oraiige before 
the yellow, in the solar spectrum. In the effort 
to get through the prism the dark heat-rays have 
the least trouble and the violet rays have the most. 
It will be seen, then, that the heat-rays are less 
bent than the light-rays, save where, as we shall 
presently try to show, light and heat are identical 


Supi^ose now we were to employ a prism of rock 
salt (p, Fig. 5) in producing a solar s^iectruin, and 
were then to place a delicate thermometer in dif- 
ferent parts of the spectrum, we should find tliat 
the highest temperature is registered a little beyond 
the red light, and that we should get lower and 
lower degrees upon testing each part of the spec- 
trum on the way to violet. It would seem, then, 
that the ultra-i*ed part of the spectrum is the 
most favourable for getting warm in, and that 
there is less and less warming power as we pro- 
ceed towards the violet end. Let us regard these 
constituents of the solar beam now as they affect 
our organs of sense. The ultra-red rays have no 
effect on the retina ; they are invisible — Whence the 
phrase we have employed to designate them, dark 
Jieat-rays* When we come, however, to the red, 
if we were to concentrate this part of the spectrum 
on to the skin we should feel the sensation of 
warmth stUl, and the same rays passed into the 



Fig. 5.— Position of Dork Heat-rays in the Spectrum. 
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eye would give one the seneation of light. Here, 
then, heat and light are identical, and we employ 
either one or the other term according to the 
nature of the physiological effect. The physical 
basis of the dark heat>rays and of the moi'e easily 
bent liglit-mys is the same — viz., a wave motion 
of that alhpervading medium, ether, which connects 
atom to atom and star to star. 

We have had occasion to si)eak before of the 
length of these ether- waves,* and we gave them 
tlien in fractions of an inch. Since, however, it 
is the prevailing custom, both in this country and 
abroad, to eniploy another measure, a word or two 
on the subject will not be out of place. The 
Fi*ench millimetre is about the twenty-fifth part 
of an English inch, and in speaking of the lengths 
of these ether- waves, the unit emjdoyed, technically 
termed a tentlh^nietrey is the ten-millionth part of a 
millimetre. When one, therefore, says that a cer- 
tain ray has a wave-length of 7,G04 tenth-metres, 
it is meant that the wave is ^ milli- 

metre long. The following are the wave-lengths 
of the more im|K)i*tant lines in the solar spectrum, t 
according to Angstrom : — 


8oUr linua. 

A 

B 

C 

E 

b 

F 

H. 

H, 


Waro-lengthi in 
t«aith>metreH. 

7,612 
6,87o 
C,5G8 
. 5,000 

5,894 
5,274 
5,177 
. 4,865 

4,310 
3,072 
3,036 


To return to our considemtion of the warming 
power of diflfereiit parts of the solar sj^ectrum. It 
will have been noticed tliat the heat-rays anj 
crowded together, as it wer<^, at one end of the 
siHJctrurn and gi^ailually spread out at the otlier. 
In thinking over tliis matter, it a[»}>eared probable 
to the well-known American investigator. Dr. J. 
W. Di*aper, that if a given series of red rays were 
collected, and their warming power tested, it would 
be equal to that of an equivalent series of violet 
ray a He accordingly tried the following experi- 
ment. In a visible siiectmm, he collected all the 
light of wave-lengtlis between 7,604 and 6,768 toge- 
ther, and also all that of wave-lengths between 
6,768 and 3,933, the former belonging, of course, to 

♦ VoL I., p. 362. t VoL H., p. Ifla 


the red half of the spectrum, and the latter to the 
half ending in the violet; and he found their 
warming power to be equal, as deteimined by the 
thermopile, an . instrument we have already ex- 
plained. i This result one might thus express : — 
Any series of ether-waves in the solar spectrum, 
the difference in length of whoso extremes is a cer- 
tain numl)er of tenth-meti*e8, has tlie same warm- 
ing iKjwer as any other series of ether-waves with 
the same difference of extreme wave-lengths. In 
tho case of Draj>er^8 experiment, it is seen at a 
glance that the differences of wave-lengths in the 
two series emi^loyed are appi-oximately ecpial : — 

7,604 6,768 

6,768 8,033 

1,836 tenth-motres. 1,836 tonth-mctrcB. 

We may now profitably resume our comparison 

of light and heat. Light w reflected from a 
polished surface^; tto is heat In the case of light, 
myiiads of proofs constantly present themselves, 
because of the sensitiveness of the eye to light, and 
many simple proofs of the 1 ‘eflection of heat might 
be devised based on the sensitiveness of the skin. 
Get the tinker to btjat out a snudl sheet of ** tin ” 
into the 8haj)e of a can-bottom, say a foot in dia- 
meter. A polished concave reflector will be thus 
obtained for a few j)ence, and with a couple of such 
reflectors the exjjeriments on sound described on 
p. 129, Vol. 1., may I’eadily be ref>eated. liCt 
there be a good fire in the grate, and take up a 
position at one end of the room where the heat 
rays are not felt, although their path is not ob- 
structed. Now turn the conciive side of such a 
reflector towards tho fire, but bent suificiently on 
one side to allow any itiys that may fall on it from 
the fire to l)e converged on to the face. When this 
is done a feeling of warmth is experienced, show- 
iiig cloai’ly tliat the h(»at of the fii’c has been 
bi'ougUt to a focus by reflection^ just as light and 
sound would Ikj under similar cii’cumstancos. 

We might also sliow that the heat coming from 
the sun or the house-fire may be |K)larised like 
light, II and is subject to the same law^s of inter- 
ference ; % but we shall content ourselves here with 
showing th&t just as liglu may be absorbed so may 
IteaL In every coloured body, more or less of the 
light falling on it is absorbed, and the remainder, 
which produces tlie sensation of colour, is reflected ; 
and it is plain that if the light absorbed is that 
which" will produce the sensation of warmth when 

X VoL in., p. 69 . § VoL I., p. 191 . 

1! Vol. I., p. 197. H Vol. I., p. 868. 
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dmot6d ^ to tbo skin, l&en we hare here likewise 
an absorption or drinking-in of beat. 'Hie beat- 
i*ays of a sunbeam are also absorbed by many sub- 
stanoes that are transparent, and ice is one of these ; 
for although we have seen that if a lens be made 
of i<M, sufficient heat is {>a8sed tlirough and con- 
verged to a focus to set many things on hre when 
the lens is held in the sun’s rays, we likewise know 
that a few heat-rays ai^ stopped by the ice, and 
therein melt it in the most beautiful and systematic 
manner. Tyndall has shown that when a bundle 



Fig. 6.— Liquid Flowers in loe. 


of i*ays are passed through a slab of ice, beautiful 
six-petalled flowere are revealed, each with a bright 
spot of empty space in its centre, and they are 
liquid fiowei’s formed in the melting of the ice 
(Fig. C). In this manner, no doubt, glaciers, bergs, 
and other Jiccum illations of ice are melted. They 
may, however, bo melted in a much more expeditious 
manner by a process precisely similar to that by 
which the window-panes we have spoken of were 
over-heated. There tlie dun paint captured a large 
amount of the sun’s heat-rays by absorption, became 
hot, and imparted a great part of its heat to tlie 
glass it was in contact with. So, in like manner, 
if the ice were covered with a coloured substance 
greedily absorbing heat, and sufficiently thin for the 
heat to pass through it, the underlying ice would 
soon disappear. The skater may frequently have 
noticed twigs, brown leaves, and straw sunk many 
inches in the ice. Being ready absorbents of heat, 
these fi'agments of vegetation have soon become 
warm in the sun’s rays, have slowly sunk into little 
icy graves of their own making, and probably at 
the very next frost the water lying over them has 
been frozen. We have then seen a leaf or a twig 
in the middle of a solid block of ice, and have pro- 
bably been as much puzzled to account for its pre- 
sence there as the ancient geologists were bothered 
about insects embedded in amber. This melting of 


ice by means of coloured vegetables lying on them 
may have performed a most important part in the 
history of the world. In 1870 the Arctic explorer 
Noi*denskjold }mid a visit to Greenland for the 
purpose of seeing which were the more suitable in 
the Arctic regions for sledging purposes, reindeer or 
Eskimo dogs. He and a companion had one long 
excui-sion out on the ‘inland ioe,”* and everywhere 
they noticed vertical cylindrical holes a foot or two 
deep and from a couple of lines to a foot or two in 
widtL In some cases the holes wei*e so near each 
other that it was impossible to find room between 
them for the foot. Nordenskjfild invariably found at 
the bottom of them a grey powder, which had evi- 
dently been the means of stopping the sun’s heat in 
the first instance, and afterwards of melting tlie ica 
He remarks : — “ When I persuaded our botanist, 
Dr. Berggren, to accompany me in the journey 
over the ice, I joked with him on the singularity of 
a botanist making an excursion into a tract ^lerhaps 
the only one in the world that was a perfect desert 
as regards botany. This cxjiectation was, however, 
not confinned. Dr. Berggi’en’s keen eye soon dis- 
covered, partly on the surface of the ice, partly in 
the above-mentioned powder, a bi*own, i>oly-cellular 
alga, which, small as it is, together with the powder 
and certain other microscopic organisms by which 
it is accompanied, is the most dangerous enemy to 
the mass of ice so many thousand feet in height and 
hundi*eds of miles in extent This plant has, no 
doubt, played the same part in our country ; and 
we have it to thank, |>erhaps, that the deserts of 
ice which formerly covered the whole of Northern 
Euroi>e and America have now given place to 
shady woods and undulating corn-fields.” But nine 
years before Berggi'en’s observations, Dr. Robei-t 
Brown, during his researches in the same desolate 
region, had shown that Arctic ice was often 
coloured brown by the pi'esence of Diatomaoeae, 
and was often seen to be honeycombed, having at 
the base of the cavities accumulations of these 
coloured microscopic objeot8.t 

It is plain that in the brown alga, yellow straw, 
black twigs, and dark bodies genemlly, we have 
substances, like the dun paint, which readily absorb 
the heat coming from the sun or any other fierce 
heat-source, and lead to the melting of ice, on which 
they may I'est at a much faster rate that when it 
is bare. It will be apparent, therefoi^e, on this 
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aooauat, that a kettle coated with soot will sooner 
heat the water within it than another kettle that 
has been highly polished on its exterior. And now 
we may |M)int out that these highly absorbing sub- 
stances are exceedingly useful; for when they 
have received heat they give some of it out again, 
and thus warm the sulmtancos around them which 
cannot themselves absorb the sun’s rays so readily. 
Nature’s great rule of reciprocity is here strikingly 
illustrated : a good receiver of heat is a good giver, 
and gives lavishly of its abundance to the bodies 
which are around it; and, on the other hand, a 
bad receiver of heat paints but tardily with what it 
has absorbed. A glass flask containing hot water 
is longer in growing cool than it is when its surface 
has been lamp-blacked, because the lam]>-blacked 
surface radiates heat better than the surface of bare 
glass; and the same flask filled with cold water 
would be longer in growing warm if put in the 
sunshine than it would be if its surface were lamp- 
blacked, because the lamp-blacked suiface is a 
better absorber of heat than that of the bare glass. 
Hence, to keep the heat for a length of time within 
the flask, the worst thing we could do would be to 
cover its surface with a deixwiit of lamp-black or 
soot, and the beat we could do would be to sur- 
round it with a woise absorber and radiator than 
the glass itself. For the latter puq>ose we should 
probably find the haiiy coverings of animals very 
effectual, and j)robably bettor still those j)atont 
coverings for boilers, cylinders, (fee., which inven- 
tors, taking a hint ffom Natui'e, have devised to 
economise the fuel employed by the manufacturer. 

Another most important element we have now 
to take into consideration is distance, it being a 
matter of every-tlay experience that a substance 
may be warmed much sooner near the fire than a 
long way off it. There is a precise law which tells 
us the exact proportions of heat which two like 
suifaces in every i*es)>ect receive at various dis- 
tances ; and in accordance with this law, if one of 
them, say a, he one yard off, and another, b, nine 
yards away, we know that b would receive only Vr 
pai*t of the heat received by a. The imi>ortance 
of our properly understanding this law is very 
great, because of its wide applicability. By 
means of it we can easily calculate tlie comparative 
amounts of heat falling on two sui’faces at different 
distances from the house-fire, and in precisely the 
same manner we can ascertain the com|)arative 
amounts of heat that each wandering planet re- 
ceives from the great central focus or tire, the sun. 
Tills law is known as the law of invert squarea 


It will be readily understood from the following 
elemental^ considerations; and as it ap^dies to 
light as well as heat, we may as well investigate 
the matter with iegard to light. From the candle 
c (Fig. 7) light emanates in evezy direction and in 
straight lines. Sup|x>Be, then, we place a screen, 
a, a square yard in area, just one yard away from 
it, there will be behind it a pyramid of shadow. 
Now 6Upix»se this pyramid of shadow to be cut 
aci*0BS at two yatxls and three yards from the 



candle, and screens i and a" placed there just to 
fill up the section ; the area of a' will be four 
square yards, and of a" nine square yards. Uiion 
removing the screen a, it is evident that the light<^ 
which fell upon it will be spread out to cover a’, 
which is four times its ai’ea; consequently, the 
light hilling on a part of a' equal in area to a has 
only ono-fourth the illuminating 2 )Ower of that 
which falls on a. Suppose now that the screen a’ 
is I'emoved, the light which at first fell on a will 
fall on a’', nine times its area, and being spread 
over nine times the surface, any squai’e piece of it 
equal in area to a will receive but one-ninth the 
light which a receives. We thus see that three 
surfaces of equal area placed at distances — 

1, ^ 2, and 3 

from the candle receive amounts of light which may 

be expressed in figures, as : — 

1, l-4th| and l-9th, 

respectively. And as witli light, so with heat ; for 

it can 4)6 experimentally proved that the dark heat 
emanating from such a candle, and falling on 
sci'eens of eqtml area in the positions a, and V’ 
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ar6 warmed to an extent which is expressed by 
the figures 1, l<4th» and l-9th. Taking the warm- 
ing power of the rays falling on the fiwst screen as 
then the warming power of the rays falling on 
an equal area at double the distance is l-4th, and 
at treble the distance l*9tb, or the warming power 
varies inversely as the square of the distance fi'om 
the heat-source. Thus it is that the astronomer 
knows the warming power of the sun’s rays when 
they reach each of the planets, and is able ko fur- 
nish us with the following results, from which the 
reader will see that a square of planetary surface, 
say a mile in area, i*eceives nearly seven times 
moi^ heat on Mercury, and a thousandth less on 
Neptune, than it receives on the Earth : — 


Planet. 

Warming power of Sun's rajs. 

Mercury 

. 6-074 

Venus . 

. 1911 

Earth . 

. 1-000 

Mars . 

. -431 

J upiter . 

. -036 

Saturn . 

. -Oil 

TTranu i 

, -003 

Neptune 

. -001 


For getting warm, then, under the most favour- 
able conditions there must 1)6 close proximity to 
tlie heat-giving or radiating body, and the recipient 
must have a very good heat-absorbing surface. If 
the giver and receiver of heat l>e in absolute con- 
tact, then the colder substance may get wann by 
conduction^ even although it l)e an indifferent ab- 
sorber. A poker is sometimes left in the fire, 
and the end in contact with the red-hot cinders 
soon becomes red-hot too. The heat at the red 
end flows towards the colder parts of the bar of 
iix)n, so that it would be dangerous to seize it 
some distance from the red-hot part. The process 
by which the heat has passed from the hotter to 
colder parts of the bar is termed conductiony and 
this quality of conductivity is possessed in very 
various degrees by different substances, so that we 
have good, bad, and indifferent opnductors of heat, 
just as we have absorbers of every kind. There 
is a number of simple devices for showing this 
difference of conductivity ; the following is one of 
them : — A metallic trough has a number of holes 
made along one sida These are closed by corks 
through which are [mssed rods of various sub- 
stances — as copper, iron, wood, and glass. If now 
each of these rods be dipped in melted wax or 
tallow, they become ooat^ with a thin film of 
that Bubatance, which solidifles as soon as they are 
withdrawn. Jjet the rods now be placed in the 


appai*atus shown in Fig. 8, with their unsmeared 
ends reaching into tlie vessel, and next fill the 1:k)X 
with boiling water. The extent to which the heat 
is conducted along the different rods is roughly 
seen by observing the 
distances to which the 
wax or tallow is melted 
along them. In this 
way we should soon find 
out that the metals are 
the best conductor of 
heat. More refined ex- 
peiiments would teach 
us other facts respecting 
conductivity, as that the metals themselves vary in 
the degree of facility with which heat is permitted 
to flow along them, silver being the best and bismuth 
about the worat of metallic conductors ; as that 
heat flows much more easily through certain sub- 
stances in some directions than in others ; and that 
there is a close analogy between heat conductivity 
and electric conductivity, the l)est conductor of heat 
being the best conductoi’S of electricity. 

When a pound of water at 30’ C. is mixed with 
a pound of water at 50 ’ C., the resulting mixture 
lias a temi>erature which is the mean of the two — 
viz., *"^ 2 40^0. This we should quite ex^iect, 
for two seimrate {lounds of water are two }K)rtions 
of matter alike in chemical composition and physical 
properties, and will therefore when mix^'jd attain 
to a common temperature by a transfer of heat, 
which leaves one of the jiounds debtor to exactly 
the same extent as the other is ci’editor in their 
mutual heat account. If, however, one of these 
}X)unds of matter had been different from the 
other in chemical comjiosition and physical quali- 
ties, then, upon mixing them, we should have a 
very different state of affairs. Suppose now we 
take a pound of quicksilver and mix it with a 
pound of warmer or colder water, the temperature 
of the resulting mixture is not the mean, but one 
much nearer the original temi>erature of the water 
than of the quicksilver. Su])}>OBe the ]x>und of 
quicksilver has a tempemture of 40" C., and the 
pound of water one of 100’ 0., after well mixing, 
the mixture registers 98" C. In gaining this com- 
mon temjierature the water has lost only 2°, and 
the quicksilver has gained 58", whence it is very 
plainly evident that unlike substances take dif- 
ferent amounts of heat to warm them to the same 
extent In the problem of getting warm it is, 
therefore, a point of some importance to take into 
consideration the kind of matter that has to be 
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warmed Let us now turn to the figures for a 
few moments more. The 58° the quicksilver has 
gained are equivalent to the 2° the water has lost ; 
whence it follows that a change of 29* in the quick- 
silver would be equivalent to a change of 1° in the 
water, and from wliich it is furtlier clear that if we 
wanted to raise the pound of quicksilver only one 
degree we should require only ^'^th the amount 
of heat which would be wanted to produce the 
same change of temperature in a iK)und of water. 
The quantities 1 and therefore show ns the 
com|mrative amounts of heat i*equired to pi-oduce 
a change of tem]>eratui‘e of 1°C. in water and 
quicksilver respectively, and they ai*e called apeeific 
heata. In the same way we might ascertain the 
specific heats of the other metals, taking that of 
water as the unit. 

From all we have said it will be apparent that 
this operation of getting waim is a most important 
one from a philosophical standpoint, seeing that 
we have to take into account so many of the 
qualities of the body i-eceiving that mysterious 
something, heat. Let us now inquire what this 
heat is. During the last century it was thought 
that when anything was l>eing warmed an in- 
visible substance, which j)hilo8opher8 wei’e never 
able to weigh, was b(»ing made to enter it. They 
called this liyj>othetical l)ody caloric, and they were 
firmly jjersuaded that when caloiic was made to 
leave, say^.a stone, the stone became cold, while, if 
the caloiic was made to enter the stone and store 
itself amongst its ultimate jmiis, then the stone 
became hot. In process of time, however, some 
facts were discovered wliich this hyixithesis of 
caloric thoroughly failed to explain. If there 
existed such a substance as caloric, then, like all 
other matter, it would be imjiossihle to entirely 
destroy it or produce it from nothing. Heat, 
however, wiis plainly produced when a smith, to 
show his strength and dexterity, would take a 
piece of metal and beat it with a cold hammer on 
a cold anvil until it was too hot to touch. Where 
had the lieat come from? The question became 
more startling still, when Count Rumfoi'd found 
that in boring brass cannon, the heat developed 
by the fiiction, even wlien the shavings of metal 
cut out by the borer weighed only a few ounces, 
was sufficient to make two and a-half gallons of 
water boil. Tlie quantitative results in tliese ex- 
periments showed that the amount of heat pro- 


duced is proportional to the work spent And oon^ 
versely in the experiments of Hirn, it was shown 
that when heat is made to do work in a steam* 
engine, part of the heat disapi)ear8, and the por 
tion apparently destroyed is proportional to the 
work done by the engine. From these facts it 
follows that heat is not a substance, but a some* 
thing very nearly related to the swingixig motion 
of the hammer, the rotating motion of the borer, 
and the ui>and-down rotating and involving mo* 
tions of a steam-engine ; it is, in short, a motion 
of the molecules of a body exceedingly rapid and 
exceedingly minnte. When, therefore, the bearing 
which supports a rotating shaft becomes very hot 
for want of oiling, we figure to ourselves a trans- 
mutation of this visible motion of rotation into an 
invisible molecular motion which we term heat. 
In making a substance warm, then, whatever 
means we choose, we ai'e agitating its molecules 
more and more, and we may carry this on until 
the molecules vibrate so quickly that they affect 
the ether which surrounds them, and so send ofl' 
a continuous series of ether-waves, which, nisliing 
against the skin, may give us the sensation of 
heat, or, coming against the retina, the sensation 
of light. If the motion of the ether particles be 
taken up by some substance other than these 
organic luombiTines, we have an ab8ori)tion of lieat 
similar to tliat we saw in the ease of the dun 
|mint The dun paint may, again, communicate 
its molecular motion to any substance like the 
glass that it may be in contact with. Thus it 
appears the various facts concerning heat may 
readily be explained by this theory, for it is a 
structure of sufiicient capacity to hold all the new 
facts wliich are being constantly ascertained. But 
while the scientific antiquaiy well sees that the 
mechanical theory of heat is more commodious 
than the ancient one of caloric, he is strongly im- 
pressed with tlie fact that its buildens have largely 
availed themselves of the material presented to 
their hands by the demolition of the old caloric 
theory; he recognises the old stones of fact, al- 
though in many instances they have l)een 
dressed; and the main diffeience l>etw^n past 
and present century work ho traces to the moi’e 
powerful and precise instruments, mental and 
material, which are now being employed by the 
scientific craftsmen in rearing and {lerfeoting their 
theory. 
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HOW WE CLASSIFY LIVING BEINGS. 

By Andebw Wjlson, Pu.D., F.R.S.E., etc. 


T he common meaning of the word classifi- 
cation” is generally undei-stood to be “arrange- 
ment ” of one kind or another ; and although such 
meaning is correct enough in its way, it is, at 
the same time, too general to be of utility in 
the exact imths and defined ways of scientific 
existence. To classify any seiies of objects is 
indeed to “ arrange ” them, but in the arrangements 
of science, method and order ai-e circumstanctjs 
which above all else have to be considei^ed. Hence 
we must seek a moi*e exact idea of the word 
“ classification,” before we can profitably venture 
to discuss, even popularly and cui’sorily, the ques- 
tion “How do we classify animals and plants?” 
Fii^stly, then, we may bt^giii by saying that classifi- 
cation may best be defined as the process of 
bringing together things which are like, and of 
se}>arating things which ai*c unlike. The former 
process, indeed, includes the latter. When we 
arrange together the similar objects, we tacitly 
sepaiate out the dissimilar ones. Any system of 
classification, worth s{)eaking of as such, is thus 
really a work of placing together the like and 
eliminating the unlike. Grasping this idea, we 
shall find it to explain for us a vast deal, which 
might otherwise puzzle and confuse us in the study 
of natitral history arrangements. But it may be 
likewise profitable to ask at the commencement of 
our studies, “Why do we classify things?” or, 
“ What advantage do wo gain from arranging 
animals and plants?” If we have seen the 
piinciple which guides us in the “ how ” of classifi- 
cations, let us try to discover that which i^gulates 
the “ why ” of this inqiortaut matter. In so 
doing, we may likewise gain an idea of the use 
and puii)ort of the present paper. When we 
arrange together any set of similar objects, we 
thei*eby declare, as a matter of ceurse, that thei*e 
exists between the things m question some l>ond or 
degree of relationship. We tacitly expi*ess relation- 
ship by classifying things ; so that a good and true 
ainrangement is I'eally, in its way, a guide to the 
nature of things. Moreover, there is another ad- 
vantage gained by classifying any series of objects 
— namely, tliat the common characters in which 
they agi'ee are the more readily appreciated by, 
and fixed upon, the mind that studies them. It 
b^mes an easy matter to study objects such as 
Miimais and {dants, when we find ready to hand a 


good classification of them. The characters and 
likenesses, as well as the difierences between the 
various forms we study, are grouped together in 
a good arrangement, and the recognition of the 
main features of the objects is thus rendered a 
comimratively easy matter. 

It may be said that any system of classifying 
anything must belong to one or other of two kinds 
of ai rangoment. Our chissification must be either 
artificial on the one hand, or natural on the other ; 
and as we are given in the great majority of 
cases to prefer what is “natural ” to that which 
is “ ai*tificial,” it may readily enough bo supposed 
that tlie former classification j)osses.ses marked 
advantages over the latter. To render clear the 
difiereiico between aHificial and natural armnge- 
monts is by no means difficult. I^et us select two 
instances of attempts at anungement — one the case 
of the librarian, the other that of the naturalist. 
A heap of books is spread on the floor of a room 
and a classification of them is requiml. A child 
with sufficiently marked ideas of size, colour, or 
style of binding, might armnge the books tastefully 
enough for us, by attending to one of these par- 
ticulars. He would, in other words, place books 
of the same size, colour, or biiuling togetli^r. But 
of what utility would such a classification be to the 
person who, wishing to consult the library, was at 
the same time unacquainted with the books con- 
tained thenun? Next the volume, say of zoology, 
he might wish to consult, there might be placed a 
volume of jx)ein8, and on the other side of the de- 
sired book he might find a treatise on architecture. 
There would be likeness, indeed, between the 
vohimes so arranged, but it would be a simi- 
laiity only in outwanl ap{>earance after all ; and 
the armugement would be utterly useless for all 
practical pu]*ix)ses. 

If such a result would be attained by a classifi- 
cation of books conducted on an artificial system, 
we see no less plainly that a similar an*angement 
of the animal or plant would fail in afford- 
ing a true and adequate conception of the 
objects classified. Take, for example, the common 
arrangement of whales with fishes, by way of 
illusti'ating an ai*tificial arrangement of the animal 
world. The whale is undoubtedly extremely fish- 
like in all its relations, as viewed from the popular 
standpoint It possesses a fish4ike body, it iar 
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habits the sea, and it lives a completely aquatic 
existence. Hence, to say that a whale is a fish, 
appeai-8 at first sight an eminently safe and 
justifiable assertion. Notwithstanding the likeness 
existing between these animals, however, tliere 
may be found ample reason for their complete 
separation in some very simple and common facts 
of natural history. For instance, the whale 
breathes by lungs, like ourselves, and, as every one 


The whale possesses a four^hainbered heart and a 
perfect double circulation. The heart, as in our- 
selves, not mei^ly sends blood to the lungs to be 
purified, but likewise distributes the pure blood 
throughout the body. In the fish, the arrange^ 
ments for the blood-circulation are formed on a 
much more simple type. The heart in the fish 
is two-chambered to begin with; and its dutieE 
consist solely in sending the impure blood to the 
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knows, has to ascend periodically to the suiiace 
of the water, to inhale air from the atmosphere. 
The fish, on the contrary, breathes by gills ; and 
in vii*tue of the j)osse8sion of these organs is 
enabled to remain j^ennanently in the water, and 
to exti*act from it the oxygen necessary for the 
station of its blood. The body-covering of the 
whale consists typically of hairs, although in the 
matter of such furnishing the whales, as a rule, are 
more or less deficient. The fish is, on the other 
hand, covered with scales ; and whilst the whale is 
a warm-blooded animal, the fish is cold-blooded — 
that is, the temperature of its body is very little 
raised above that of the medium in which it lives. 


gills for purification ; the heart in this case having 
nothing to do, in a direct manner at least, with the 
distribution of pure blood throughout the animaVs 
body. Then lastly, and to avoid entering into the 
technical anatomy and physiology of whales and 
fishes, we may add, as an important point of oUs- 
tinction between the two groups, that the young of 
the whales are bom alive and nourished by means 
of milk (Fig. 1) ; whilst the young of the fishes are 
hatched from eggs, and are developed, as a rule, 
independently of parental care and attention. 

We'^thus discover that the differences between 
whales and fishes are practically of immense ex- 
tent. The fish we find to be a much lower animal 
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tiian tlio ‘irhiJe, Beyond tibie fact^ indeed^ ihat both 
ai?e Yertebrato,” or ** back-bon^*' animak, and 
that they therefore agree in the broad and general 
plan on which their bodies are constructed, there is 
little resemblance between them. The separation 
of the one from the other is, therefore, a matter of 
easy justification ; and the arrangement together of 
whales and fishes is thus condemned by a simple 
appeal to elementary facts of the structure and 
function of these annuals. 

An example from the pknt-world of a similar 
likeness, which on closer examination is proved 
to be thoroughly unreal in its natui’e, is pre- 
sented in the case of the Euphorbias, of Africa 
and elsewhere, and the Cactuses, which ai-e 
typically American in their distribution. To 
an inexperienced observer, certain kinds of the 
former plants so accurately reproduce the featui^es 
of the cactuses, that they might be mistaken for 
plants of the latter kind. But botanically — that 
is, in their true nature, structure, function, and 
distribution — they are separated by differences 
which are of paramoimt imiK)rtance in the eyes of 
the scientific student. Thus things are truly not 
what they seem in many cases of presumed like- 
ness in the animal and plant world ; and we may 
now proceed to inquii'e into the characteristics 
which make the “ natural ” classification the only 
true and exact means of setting forth the relation- 
ships of living beings. 

Betuniing; for a moment, to our comparison of 
the libmry and its ari'angement, let us suppose that 
an intelligent librarian ^ts himself the task of ac- 
curately classifying its included volumes. The ex- 
ternal appearances of the lK)oks — their size, binding, 
and colour — would form i>ointB of no importance 
whatever in the estimation of the librarian. His aim 
is to place together those volumes which are really 
alike — which agree in their subject-matter, and even 
in special features of that matter. Thus a volume 
of Woitis worth’s poems would not merely be 
placed amongst the volumes of poetiy, but would, in 
a ji^eifect system of libraiy classification, be clas- 
sified in a special section of the poetical depaii;- 
ment, and along with those volumes written, it 
might be, in similar style, or at the same peiiod of 
Uterary develqpineat* Wordsworth’s plaoe cm the 
library shelves would thus most appropriately be 
found beside Shelley, Soutiiey, and Coleridge. Such 
an arrangement woidd be a throughly natural ” 
system of clsstifying the library ; and would be 
paralleled in an ezacst fimhion by the science which 
phmes whales with the qnaclkupeds to which in 
IBIa 
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their natiire they are truly allied. For in aU 
respects the whale is a mammal,” and in no sense 
is it a ** fish.” It finds a place and zoological home 
in the ‘^class’’ which contains man himself as its 
highest representative ; and it is thus se^mrated by 
an infinite zoological diffei'ence and distance from 
the true fishes, with their gills and their purely 
aquatic existence. The whale is simply a mammal 
fitted for life in the water, just as the bat is a 
t][uadruped adapted for existence in the air. And 
the whale is no more to be regarded as a fisli than 
the bat is to be considered a bird; or with any 
greater I'etisoii than a volume of poems should be 
placed beside a treatise on zoology because in size 
and appearance the two books pi’esent a close 
likeness. 

On what principles, it may be asked, may we 
construct the “natural” classifications the advan- 
tages of which, as tnily expressing the relationship 
of living tilings, have just been pointed outi It 
is perfectly evident that, in the artificial system of 
classification, the nature of the objects classified is 
decided by an appeal to outside look and external 
characters alone. A[)pearanoe8, the deceptive 
chai'acter of which is matter of provei*bial remark us 
applied to the affairs of ordinary existence, are as 
untrustworthy, if not more so, in the scientific dis- 
crimination of animals and plants. Hence the ad- 
vantage of the “ natural ” system of arrangement 
solely dejiends on the plain fact that wh classify 
objects by this latter method, through a true and 
eooact knoiohdge of the things which demand our at- 
tention, The whale is thus classified with the quad- 
riqjeds because, from an exarainatioii of its structuix?, 
we discover, at once, its afiinities with mammals, 
and the difiei’ences which separate it from fishes. 
Tlie cactus is known to be an utterly different 
plant from the euphorbia, Ijecause our examination 
of the structure of both has plainly revealed the 
gulf which is fixed between them. The frog, for- 
merly supposed to be a “I'eptile” (and still in popu- 
lar natural history included in the reptile class), ia 
known scientifically to exist outside the boundaries, 
of that division, because its structure and life-history 
ai'e those of no reptile known to us.^ To classify 
anything, books or animals, exactly — to declare 
their true relationship-^ thus an art the suocess- 
fhl practice of which depends on our previous 
preparation in the facts of their nature, that is, in 
the case of living beings, of their sti'uoture and 
physiology. Thiis classification may be defined as 
an expression, in a convenient form, of the facts and 
♦ “ Science for All,” VoL lit, pp. 145 152. 
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laws revealed by a study of the structure and 
the functions of Uving beings. 

Such is a brief explanation of the main principle 
which guides us in the construction of modem 
fgrstems of arrangement of the animal and plant 
worlds. It follows fix>m tlie declaration of that 
principle that, in aiTanging animals and plants, 
first duty is to investigate their nature as accurately 
and exactly as possible ; and u}X)n such knowledge 
we may proceed thei’eafter to allocate our zoological 
possessions and belongings in definite and exact 
anny. 

The method according to which the animal world 
is classified, may best be undei*BtQod by selecting a 
single animal form, and by showing how the place 
of that form in the animal series is ascertained, and 
how tlie relationship of the being to its near and 
distant neighbours is determined and expi^ssed by 
the zoologist. As a preliminary study, we may 
map out the animal world in the following fashion; 
and the plant world, it may be added, follows in its 
ari’angement an essentially similar method : — 
Kingdom. 

Sub-Kingdom » or Type. 

Class. 

Older, 

Family. 

Genus. 

Specie*. 

[Variety.] 

This table indicates briefly that the whole animal 
kingdom is primarily divided into “sub-kingdoms;” 
that eacli sub-kingdom is i>arcfdled out into 
“ classes each class into “orders;” each oixier into 
“families;” each family into “genera” (singular, 
“ genus ”) ; and each genus into “ species ;” whilst 
the species, in their tium, may exhibit “varieties.” 

Now the method by which we settle the place 
of an animal in its series is exactly that by wliich 
we would determine the place of habitation and 
i*elations of an individual whom we do not know, 
but whose acquaintance, intimate or remote, we are 
anxious to nmke. Imagine, by way of practical 
illustration, that a 8upiK)Bititious Mr. Alfred Smith, 
of Bold Street, Liveq)Ool, is the object of our 
search. We proceed, it is true, directly to Liver- 
|K)ol and to the thorouglxfare just mentioned as the 
restilt of our inquiries ; but in such a proceeding 
we really perform a series of mental operations 
which have for their mm the sepamtion of the Mr. 
Smith from all the rest of the world. Although 
we do not actually say that the person in question 
inhabits the world, the Continent of Europe, and 
in turn Great Britain, Lancashii^, LiveiqKxd, and 
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Bold Street, we tacitly assume all of these propori* 
tions, because the latter facts — those of his residing 
in Liverpool~aotually involve all of these considera- 
tions. In determining the place of an animal in 
the scale of classification, our procedure is essen- 
tially similar to that just noted. We begin pri- 
marily by assuring oumelves that it belongs to the 
animal kingdoin — a fact not diffi<^t of discern- 
ment as a rule, but the determination of which, in 
the case of many low organisms, might present a 
puzzle of exceeding complexity, or one even im- 
possible of solution. But, laying aside the difficulty 
of settling whether a given organism of low type 
is an animal or plant, we next determine its exact 
place in the “ kingdom ” by a series of investiga- 
tions strictly comparable to those whereby M’e give 
to Mr. Smith “a local habitation aiqj a name.” 

Suppose, by way of illustmtion, that the subject 
of our inquiries is a hoise, and that, in tiie gnise 
of an unknown animal form, this familiar quadru- 
lied presents itself for airangement and classifica- 
tion. We should fiinitly, after placing it in the 
animal kingdom, proceed to investigate its “ ty|)e ” 
or sub kingdom, just as in the case of the unknown 
|)ersonage, Mr. Smitli, we should localise broadly 
liis exact geoginphical situation in the world. To 
ascertain the sub-kingdom or type to which the 
horse belongs is much the same thing as deter- 
mining that Mr. Smith inhabits the Continent of 
Europe. Such information might at first sight 
api)ear of hardly any value, but a little considera- 
tion would show that in this primaiy fact we limit 
the personage to a certain area of the world. That 
iWVAi may be very wide and extensive, us it un- 
doubtedly is ; but it nevertheless determines certain 
broad and general facts of his existence, and it 
moi-eover shuts out of view and considemtion 
the other great tracts of the earth^s surface. So 
with our horse. If wo place that animal in the 
“ sub-kingdom ” Vertebrata, we determine its “ con- 
tinent” We place it, in other words, in a large 
group of the animal world, in which it is lawfully 
associated ii^Uh all those nniniala that agree with it 
in having their bodies built tip on the same f under 
mental plan. To say that a horse, then, is a 
“vertebi*ate” animal is to allege that its body 
exhibits an essentially similar and general plan to 
that on which the bodies of (1) fishes, (2) amphibia 
— frogs, &c., (3) reptiles, (4) birds, and (6) mammals 
or (j^uadrupeds, including man, are constructed. 
Such information, although wide and general, is 
excee<Ungly important, because it not only shows 
us that there exist great types or plans of structure 
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m the animal world, but also demoxistrates for us 
the horse’s general place in the great array of 
animal life. 

With our individual whose residence we are 
anxious to discover, the next step would be to 
detemine his ** country.” The “ country” of our 
horse is the special province of the Vertebrate 
group which it may be found to occupy. As a 
** country ” is common to a large number of indi- 
viduals who in general characters may l>e sup}x)sed 
to preset a strong likeness, so the province wherein 
the horse resides must he marked by analogous 
likeness in its tenant4S. It is clear thus that our 
horse cannot ''I aim any but th(j broadest likeness 
with fishes, imphibians, biixls, or reptiles, whilst it 
is ec^.iJly T>leiu thnt he claims and obtains full 
recogrj* ' n n 'Mdruj)ed.” Thus we settle the 
question of liis 'ass.*' A sub-kingdom is divided 
into classes,” the classes r3eiug merely divisions in 
which tiic i'''nrTal type of the sub-kingdom becomes 
more or less specialised Thus our hoi*se falls into 
the ‘ class” Mnmmuliay Uiid agrees with all other 

nuacu'UiJeds” (from the kangaroo, whale, sloth, 
armadillo, up tc dogs, cats, bats, beavers, apes, and 
man) because, amongst other features, it has never 
more than four limbs ; because its jaws are parts 
of its head ; because it breathes by lungs ; be- 
cause it is warm-blooded ; and because its young 
are bom alive and nourished by means of milk. 
Thus, as by saying that Mr. Smith is an inhabitant 
of Great Britain we eliminate from considemtion 
all other countries of Europe, so, by saying the 
home is a mammal or quadruped, we separate it 
from all other classes of which the vertebrate type 
is composed. 

The next step in our determination of Mr. 
Smith’s residence would consist in our fixing the 
B|>6cial division of the county in whicli he is located. 
In France we should look for his department in 
Switzerland for his ‘‘canton;” in America for his 
“ state.” In Great Britain we may parallel these 
examples by saying that the tract or area known as 
England is the special locality to which we should 
confine our inquiriea This procedure in the case of 
the horse would be that of determining its “ order.” 
As in Great Britain we have various kinds or 
races of Britons, or as the land in anotlier way is 
b3x>adly parcelled out into three chief divisions each 
of which is marked by its own special national 
peculiarities, so in the animal world, with all 
‘‘ quadrupeds ” as a class before us, our dxity is that 
of saying hind of quadruped the horse may 
be. To say that the variety of quadrupeds is 


immense is to state a commonplace truism. In a 
group wherein forms so diverse as a whale and a 
bat are included, it is absolutely needful that the 
work of classification should next proceed to parcel 
out in “ oixiers” the varied an’ay of the quadruped 
class. A casual inspection of our horse reveals 
that it has four well-developed limbs, and that it 
possesses largely-developed “ nails,” in the form of 
“hoofs.” Now these characters alone, not to 
mention any further and accompanying features, 
determine for us the “ order ” of the animal. As 
Mr. Smith, by being located in England, would l>e 
named an Englishman, so the horse, by the posses- 
sion of the characters just mentioned, appears before 
us as a member of the U^igulata^ or “hoofed” 
quadru})eds ; and at this stages it will be seen we 
have succeeded already in limiting considerably the 
range of our inquiries, whilst we p-re drawing 
nearer and nearer to the hoise as an “ individual.” 

“ Oi'dei’S ” are divided into “ families ; ” and, 
although the latter term in zoology and botany 
indicates a wider sphere of relationship than when 
used with reference to human connections, the per- 
sonality of its included members will be found to 
be fairly well defined when the “ family ” charac- 
ters of any group of living beings are scientifically 
deternuned. The “ family ” in natural history cor- 
i*esponds roughly to the “ county” of our fictitious 
Mr. Smith. By localising that personage in the 
county of Lancaster, we should thereby determine 
his i^ersonal history in a tolerably exact degree. 
Assuming, for the sake of nearer parallel with the 
zoology of the horse, we might reasonably enough 
take that statement to imply the existence of 
special irersonal characters — just as, to localise 
another person as a native of Aberdeenshire, would 
be tantamount to saying that peculiaiities in dialect 
and in other respficts might determine his special 
locality and race. The horee, when merely placed 
in the “order” Ungulata^ is found to occupy a 
division in which “ hoofed ” animals so diverse as 
hippopotami, rhinoceroses, camels, pigs, tapirs, 
giraffes, deer, <kc., are included. When, however, 
we proceed to allocate these animals to their re- 
spective “families,” or divisions, into which the 
order Un/gidata can be divided, the special charac- 
ters of each group become more or less apparent. 

In the case of the horse, the family characters 
are very distinct. That animal (along with zebius 
and asses) walks upon the one fully-develoj)ed toe 
— the third — of each foot, this toe being protected 
by a very broad nail or hoof. We also find that 
two rudiments of toes (the second and fourth) are 



276 


SCIBKCE BOB ALL 


l^epreaented in these animals in the splint bones ” 
of the leg. Then, also, the teeth are peculiarly 
arranged. Hiere is a groat gap or interval between 
the front teeth and the grinders ; and whilst the 
males possess cofiifieSf or eye-teeth,” these are 
absent in the female animals. A horse possesses in 
each jaw six front teeth, or incisors, two canines (in 
the male), six premolars or bicuspids, and six molars 
or grinders, making (in the male) twenty teeth in 
each jaw, or forty teeth in ail. The family chaiuc- 
ters may be summed up by saying that the horse’s 
stomach is not adapted for “ rumination ” (i.e , 
chewing the cud) ; and whilst the skin is hairy, a 
prominent mane ” is also developed. 

So much for ‘‘family” charactei*8, which leave 
us with horses, zebras, and asses as the thi^ee chief 
members of an interesting “frinily circle.” The 
“family” in zoology is divided into gemra. A 
“genus” may be compared to a person’s town. 
Mr. Smith’s town, Liverpool, would represent his 
“ genus ” in our parallelism ; since, when we fix his 
residence thei'ein, we place his personal histoiy 
within a very decided limit In the case befoi*e us, 
our task is now to separate the horse-genus from 
that of the asses — since the zebras are regarded as 
falling in with the asses to form, from their near 
relationship, a single genus of animals. To say that 
a horse is very readily distinguishable from an ass, 
is to remark in this case that the genus of the one 
animal is distinct from that of the other. The 
horse-charactei-s are seen in the fact that the body 
is not banded or striped, and no dark line marks 
the spinal region. These characters are present in 
the asses and zebras; and whilst the horse has 
“ wai’ts ” or homy growths on Iwth fore and hind 
legs, the asses and zebras possess “ warts ” on the 
fwe-legs alone. The tail of the hoi'se, lastly is bushy, 
that of the asses l^eing tufled. Thus we place the 
horse in the genus Equiis, and the asses and zebras 
form a different genus named 

Genem in zoology, are divided into “species” 
word very familiar even to non-technical 
I’eaders, and which is perhaps translated best by 
the English word “kind,” To speak, in strict 
significance, of the horse and its “ kind,” would be 
to denote all horses merely, and to leave out 
of considei*ation the asses and zebras. In our 
work of localising Mr. Smith, the fixing of 
his exact residence in Bold Street, would corre- 
spond with our determining the exact place and 
range of the horse’s species. When we discuss 
an animal’s “ species,” we are tacitly consideiing 
itself and its own kith and kin, and we are 


brought fitce to face wiih the details of its pemOtiAli 
history. Laying aside all questaoiui couBiderhag 
the limits of species, we may say that any speeies 
of animals (or plants) is simply a group, containing 
these animals which are so much alike that we 
might regard them as the offspring of the same 
parents, whilst their jmigeny in turn will perpetuate 
the same intimate degree of likeness. Every horse 
I'epeats in greater or less exactness the features of 
its parents : every dromedary we naturally 6X})eot 
to“ ^ bom with the single “ hump ” of its parent : 
every African elephant we exjrect to possess the 
large ears of its kind, just as the Indian elephant 
will appear with relatively small ears. Thus a 
close, or humanly speaking, a “ family likeness ” is 
the test of ammals belonging to one and the same 
“sjreciea” And this latter thought \pads us to the 
last term used in “classification,” viz., varieties,” 
It might be necessary to localise Mr. Smith’s posi- 
tion in Bold Street, accurately and exactly. This 
task we should effect by numbeiing the street, and 
fixing the site of our friend’s dwelling-place by a 
numerical indication. Similarly in the animal 
world it is occasionally necessary that the “ vaiia- 
tions ” or changes, which the animals of a species 
occasionally exhibit, should be duly noted. Thus, 
for instance, when we discover animals so apparently 
diverse in appearance and fom as a dray-horse and 
himter to be included under the term “ horse ” — or 
quadm j)eds so different as a terrier dog and a mastiff 
to belong to the same “species” — the question arises, 
Do these animals represent different “ species,” 
or are they merely “vaiieties” of one species 1 
The answer to this q\iestion is not always easy to 
furnish; but in the case of our horses and dogs, 
there seems little reason to doubt that the vaiied 
breeds of horses and dogs are true “ varieties,” and 
not distinct species. Thei'e is only one distinct 
“ B|)ecies ” of living horse recognised by zoologists 
— the Equus cahallm — and from tliis form we may 
presume the various breeds and races now repre- 
sented have descended, through variations, some of 
the causes of which are known, whilst many causes 
are wholly undetermined. 

We have tlius traced a single being from amidst 
the great host of animals downwards to its own 
home and place in the kingdom, so to speak, by 
a step-by-step process of separating it from its 
fellows. In this process we gradually eliminate, 
with increasing force as we proceed, those beings 
whioli are unlike the special form we are engaged 
in discussing, imtil we arrive at that stage — 
seen in the “ species ” — when we find it impossible 



THE ELICTRIO TELEGRAPH. 


to oepnmte individual from individual. We thug, 
throughout the whole of our reaearcbes, trust, 
firstl ji to a knowledge of structure as teaching us 
the true relattonship of living beings; and we, 
secondly, starting with broad likenesses and general 
agreement in gtruoture (as seen in comparing a 
horse with a fish), arrive in time at a stage when 
exact and intimate likeness introduces us to the 
veritable units of which tlie animal world is com- 
posed, in the “species.” Our task of finding like- 
nesses and discovering differences between animals, 
and of constructing a true classification of living 
beings, might thus bo compared to our glance down 
a long vista or avenue. At the far extremity of the 


277 

prospect, the avenue broadens out into a wide arena ; 
just as when we regai*d a great group or type ot 
animals (such as the Vertebrates), our view is of 
wide character. But as the eye traverses the avenue 
to our own standpoint, the vista narrows, until our 
perceptions of the ol^eots near us are of intimate 
and minute kind. And so with the classification 
of living forms. The nearer we come to the 
individual, the more closely do we scrutinise 
features, form, and structure ; and the broad like- 
nesses wliich served us at the l>6ginning of our task, 
become lost in the individual history which we at 
last investigate, and which in reality represents 
the focus of our zoological researches. 


THE ELECTRIC TELEGRAPH. 

Bv Cakl Hbkino, M.E, 


A LMOST one hundred years before the practical 
xL electric telegraph was invented and used, 
the greatest electrician of that day went to a 
place then in the outskii'ts, and now the heart, of 
the city of Philadelphia, to fiy his famous kite, 
in company with a lad who, the more charitable 
historians say, was to save the scientific gentleman 
from the ludicrous comment of the citizens if he 
should be seen fiying a kite ; but who, others say, 
was taken along to teach the distinguished philoso- 
pher how to fly it ! The object of this^ historical 
ex|>eriinent of Benjamin Franklin was to lead the 
lightning from the clouds to the earth, with the 
kite-string as a conductor, in order to prove that 
it was electricity. On another occasion the friends 
of the saifte philosopher were invited to a picnic 
on the banks of the Schuylkill river in the same 
city, and enjoyed a turkey dinner, for which the 
turkey was killed amidst great ceremony by a 
spark of electricity generated on the other side of 
the Schuylkill, and transmitted by a cable laid 
along the bottom of the river. These crude but 
striking experimtmts, which at that time seemed 
almost supernatural, and which are now known to 
every schoolboy, were the forerunners of the elec- 
tric telegraph, or the transmission of electrical 
phenomena to a distant place. 

It may at first appear strange that it should be 
^possible to send messages, and even signatures or 
pictures, to a distant place, through an apparently 
inert iron wire, and with such rapidity that it is 
received practically at the same instant at which it 


is sent Even more mysterious to many is the 
fact that several messages can be sent along the 
same wire at the same time, in the same or in 
different directions, without any confusion. All 
such phenomena are, however, no longer mysterious 



Fig. 1.— A Water Cirenit unalogmie to tbo Electric Cii'cuit. 


after a study of the simple principles involved in 
the telegraph. 

The fundamental principle of the telegraph may 
l)e readily understood from the following simple 
analogy : — In Fig. 1 are shown two water-tanks, a 
and B, one of which we will suppose is in London, 
and the other in Liverpool. They are connected by 
the tube R, and are both in communication with 
the reservoir w, which we may suppose is the 
ocean. The pump p, which is supijosed to work 
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oontinuouslyi raises the pressure or height of the 
water iu b, which then causes the water to flow 
through the connecting’tube b to A) and back 
into the ocean w. At c and d let us suppose 
there were valves which could be opened or closed 
by hand. If the valve at c is open, it is easily 
seen that the operator at d can, by openmg and 
closing his valve, cause the cuirent to flow or to 
stop howing, and thereby transmit signals to the 
operator at c, who is observing the flow of tlie 
current at his end. In the 
same way the operator at c 
can, by opening and closing 
his valve, transmit messages 
back to D, even if the pump 
p is at the other end. 

Tliis is precisely analogous 
to the electiic telegraph in its 
simplest form. The electricity 
may be said to flow in the 
connecting wii^e u, called the 
“line,” just like water, only 
that it does not require a tube 
to conduct it, but merely a 
solid wire. Electricity may 
also be raised to what is 
called an eh*ctrical pressure, 
by means of a loittery which 
is analogous in its function to 
the pump p. The two ends 
of an electric telegraph circuit 
are usually connected to the 
earth, which is a huge reser- 
voir of electricity, from whicli the electricity may 
lie taken at one point, and into which it may be 
discharged at any other point ; it corresponds pre- 
cisely to the large water reservoir, the ocejin, in 
the water-circuit. It is evident that any number 
of such water-circuits maybe discharged into the 
ocean without interfering with each other, ns the 
same water does not necessarily flow back throtigh 
the ocean ; this is also analogous to the indepen- 
dent electrical telegraph circuits connected to the 
earth at both ends. 

As it is not possible to see the electricity flowing, 
the operator at the “receiving” end of the line 
must have some device for indicating to him when 
the current flows, or when it stops flowing. In the 
oldest forms of telegraphs, this was done by making 
the electricity jump across a small sjmee where the 
wire was cut, thereby producing a spai’k which 
could readily be seen, ^e “ line ” or, conducting 
wire was made of a bundle of t^/enty-six wires 


separated fix)m one another, each oorresponding to 
one letter of the alphabet llie operator at the 
“sending” end would connect to his battery or 
electric machine, for an instant, that wire which 
corresponded to the letter which he wished to 
transmit, thus causing a spark to issue from the 
other, or “ receiving,” end of that particular wire. 
In this way words and sentences were sent as 
early os 1753. 

Ajiother of the earlier forms of telegraph is shown 


Pig. 2.— Stimmenrii 

in Fig. 2, in which the bunch of twenty -six 
wii*es is seen connecting the “ sender or “ trans- 
mitter” at the right-hand side with the “receiver ” 
at the left-hand side, tlie battery, a Volta's 
being in the middle of the figure. The i^ceiviug 
apparatus was in this case based on the priuciph' 
that an electric current, wlien passing through 
water, will decomj) 08 e it, evolving gases. Each 
one of the wires terminated in a glass tank, in 
which the operator could see, by the evolution 
of little bubbles of gas, through which wire the 
current was sent, and therefore which letter was 
transmitted. The transmitting o[X‘rator touclied 
one i)ole or terminal of the battery to the earth, 
or to a common return wire, and tlie other to the 
wire roi>resenting the particular letter to be sent. 

Another ingenious form of receiving iirstrument 
of tlTe earlier telegraph is shown in Pig. 3, the 
chief object of which was to reduce tlie large 
number of wires required in the older instruments. 
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It is based on the valuable discovery of Oersted, 
that when a current of electricity passes through 
a coil* of wire placed near a magnetic compass 



fig, 3.— Cooku and Wheatstone’ « Five-Neoille Telegraph. 


needle, it deflects the needle either to the right 
or to the left, depending on the direction of the 
current. In the figure are seen five little 
vertical Compaq needles, which may be deflected 
through a small angle by five coils of wire on the 
back of the dial. These five coils are each con- 


nected to one of the five line wires and to the 
one common return wire. By means of a set 
of conveniently arranged keys seen in front, the 
current may be sent in either direction in any 
two different coils. This will deflect the two 
corresponding needles of the similar receiving 
instrument simultaneously, one to the right and 
the Other to the left. From the arrangement of 


the letters these two needles will then evidently 
]k>int to the same letter in common. For instance, 
if the upper part of the left-hand needle is made 
to deflect to tho right, and the upper part of the 
middle needle to the left, they will point to the 
letter s in common. This reduced the number of 
line wires to five, besides one common I’eturn wire 
in place of the earth. 

The same inventors also used the ingenious con- 
trivance called a relay,” which is now used on all 
long telegraph lines, and is shown in one of its 
older forms in Fig. 4. This is used when tlie 
current, having to travel very far, is too weak to 
ojierate any plainly visible or audible signal. The 
line curi’ent is then led through the I’eluy 
M, which is a coil of wire, inside of which is a mag- 
netic needle attached to a long bar, ah ; when the 
needle is deflected very slightly by the weak current, 
it rocks the lever a 6, and at a it opens and closes 
what is called a “ local circuit,” which consists of a 
separate battery, b, with an electric bell, Q s B ; this 
local current, having only a short course to ti*avel, 
may be made quite strong, although tlio line 
current which o|>erates it is quite weak. 

But tho greatest progress was made in 1832 by 
an American, Samuel Morse, whose apparatus is 
used at the present time in very nearly the same 
foiTn in which he finally left it. He used only one 
wire, which was a great improvement on the older 
forms, and was that which made it a practical 
success. He I'epi’esented each letter 
or sign by a fixed number of ‘Mots.” 
By opening and closing the electric 
circuit rapidly at tho sending end, any 
desired number of electrical impulses, 
corresponding to the number of “dots” 
of a letter or sign, could be trans- 
mitted. This current was then led 
along tho line wire to the distant 
station, in which it passed around an 
electro-magnet, which attracted a pen- 
dulum every time the current passed. 
This i)6ndulum had a pencil at the 
bottom, which travelled over a slip of 
paper kept in motion by clockwork. 
It drew on this paper marks like those in Fig. 5, 
which, according to the telegraphic dictionary of 
that time, corresponded to the sentence, “ Sticce$$/iU 
attempt voith telegraphy September 4, 1837,” 

Operators, however, soon became so expert in 
sending and receiving messages by this system of 
dots or impulses, that they no longer have to em* 
ploy the older and cumbersome form of apparatus^ 
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but use merely d, such as shown in Fig. 

6. By depressing the knob o for an instant, the 
}K>ints d' and a, to which the two ends of the 

y'Hnhm~wmM^^ 

Fig. 5.-^Horse*«i Writing. 

wh*e are connected res])ectively, are brought into 
contact, which closes the circuit, thus producing a 
uiomcntary current. By holding down this key 
for a longer or shorter time, the impulses of current 



Fig. 6.— The Morse Eey. 

will be of longer or shorter duration, thus pro- 
ducing two kinds of signals, called accordingly 
dashes ” and ** dots.*^ Each letter of the alphabet 
is represented by a certain combination of the^ 
dashes and dots, as shown in Fig. 7. It will be 


a . - 
h 

d — 
e . 
f . . 

f? -- 
h . . 


to record tlie message. It consists essenj^Uy 
^ electro-magnet, fb, which is merely a pair of 
rods of iron surroxmded by coils of many turns of 
fine wire, through which the line current passes. 
Near to tlie end of this donble magnet is an iron 
bar or tube a, called an “ armature,” which is held 
up by a spring, and is fastened to the lever 44j, 
which i*ocks on the shaft 5. By the mfi^etisin 
induced, the iron armature is attracted whenever 
the current passes ; this rocks the lever, pressing 
the ])oint of the screw s into the strip of paper P P, 
which is made to pass between the rollers wd hy 
clockwork. When the key shovrn in Fig. 6 is de- 



Fig. a— The Mors» EnboMUg Xuitrament. 


i 

k 

1 


m — 
n — 
o — 



Fig. 7. —Morse Alphiil»et. 


seen that this is a groat; improvement on the old^r 
system of using dots only, as it enables the same 
message to be sent with much fewer impulses, and 
therefore much moi’o rapidly. For receiving the 
message in these dots and dashes, the instrument 
idiown in Fig^ 8 is gen^^y used, if it is required 


pressed for an instant only, the armature of the 
receiver is held down only an instant, and, there- 
fore, makes a dot on the paper ; wliile if it remmns 
down longer, it makes a dash. 

Most Morse operators are so expert at re- 
ceiving messages, that they do not require the 
recording instrument just described, the one shown 
in Fig. 9, and called a ** sounder,” being all that, 
is necessary. This instrument consists, like the 
other, of a magnet e k, an armature lever e x, 
and spring h; it does not record, but m^erely dicks 
at c every time the current of electricity causes 
the lever to move between the stops / and e. 

^ A 
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liiere Bound o{ these clicks is suiEcient for ah 
expeit operator to ‘‘ read ” the message. 

Another form of telegraph which is still used 
in some offices is shown in Fig. 10, and is called 



Fig. 9.— Moruo Soimdor. 

Wheatstone^s Single Needle Instrument. It is 
shnilar to tlie five-needle instrument described 
before, but is a great improvement on that form, as 
it requires only one wire instead of five or six. 
The needle shown in the middle of the dial is 



Fig. lO.—Whefttstone'B Single Needle Inetruinent. 

deflected to the ri^d^t or left by the distant operator, 
by merely reversing the direction of the current in 
the line wire. This is done by moving the handle 
in tiie bottom of the instrument to the right or to 
the left ; this moves a simple switch, contained in 
182 a 


the bottom of the apparatus, which connects the 
battery with the line in one of two reversed posi- 
tions, thus making the current pass through the 
line and instruments in one of two opposite dii*ec- 
tions. Tho alphabet is made up of 
diftei'ent cbmbinations of deflections to 
the right and left, as shown in the dial 
— the letter u, for instance, being two 
deflections to the left and one to the right. 
On examination it will be seen that the 
same ** code ” is used os in the Homo in- 
struments, a deflection to the right repre- 
senting a dash and one to the left a dot. 
Indeed for obvious reasons all “signalling” 
instruments adopt this code as far as |k>s- 

Printing telegraphs ai*e now laigely 
used, as they are very convenient, requir- 
ing no expert operator to send the message, and no 
one at all to receive it, the message being printed 
on a stnp of paper without any attention, or even 
presence of an opemtor. The general principle of 
most of these is much simpler than would appear 
from their complicated construction. Two little 
wheels with t 3 rpG engraved on their edge are made 
precisely alike in every respect ; one is on the send- 
ing and one on the receiving instrument. By means 
of electrical apparatus, too complicated to be de- 
scribed hero, they are made to revolve exactly simul- 
taneously, so that when one of them is stoppeil at a 
certain letter the bther will stop at that same letter, 
which can then be printed on a strip of paper by a 
simple lever and magnet arrangement, similar to the 
sounder described before, which merely pi’esses tlie 
paper up to the type wheel, previously inked by an 
ink roller. All that tho sender has to do is to stoj) 
his wheel at the right letter, and then send a current 
through the line, which will, as described, make the 
impression of that letter of the other wheel on tho 
paper. Printing telegraphs have recently been im- 
proved to such an extent that it may soon be 
possible for every place of business or house in a 
city to have one. Private communication can then 
be carried on with greater exactness, but with less 
speed, than by means of the telephone. 

For trans- Atlantic telegi^aphy, it is necessary to 
use exceedingly delicate instruments, as the current 
which finally gets through the great resistance 
of the long wire is a very feeble one. Tho 
apparatus for receiving the message is due to 
the ingenuity of the well-known electrician. Sir 
William Thomson. It consists of a powerful 
magnet, between the poles of which a small coil 

A 
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ia suspended^ through which the current pass^ 
a£ter having traversed the great distance across the 
Atlantic, This coil will be deflected perceptibly to 
the right or to the left when even a very small 
current passes through it, owing to the powerful 
magnet. .This coil is fastened to a long siphon. 


coverings, which are protected hy the outside iron 
wire armour. 

One of the methods of telegraphing several mes- 
sages along the eame wire at the same timei, may 
be readily understood from the following general 
principle. Suppose ten sending instruments be con- 


t i 9£ g h j A ^ mm r ^ J m' 

Fig. ll.-^-Sipbon Writlug* 


made of a glass tube, through the point of which ink 
flo^s ; the end of the tube passes over a stri}> of 
paper, on which it will trace a zigzag line every time 
the little coil is deflected. This writing is shown 
in Fig. 11, in which the loops below the line cor- 
respond to dashes, and those above to clots, the 
alphabet being otherwise the same as that already 

Fig. 12.— The First Atlantic Cable. 

shown in Fig. 7. At the beginning and end of 
this written line are signs which signify ‘All right 
and “Understood” 

Among the difficulties involved in making a sub- 
marine cable for crossing the Atlantic, is the great 
strength required to resist the strain while laying 
it to a depth of about 13,000 feet at some places ; 


uected successively to the single line wire, in such a 
way that each sender is connected ten times a 
second, and each time it remains connected for y^th 
of a second. Each of the ten o^ierators will then 
have the use of tlie line periodically for y^^th of the 
whole time ; but these periods follow, each other 
so rapidly tliat it is practically eqi&valeut to his 
having the use of the lino continuously. The ten 
receiving instruments must, of course, be connected 
to the other end of the line in the same way, and 
at precisely tlie same time — that is, while sender 
No. 1 is connected, receiver No. 1 must be connected 
at the other end. These connections may be made 
by two little wheels, which are caused to revolve 
in precisely the same time, by being driven by the 
same electric current. 

One of the most interesting applications of the 
telegraph is the so-called chemical telegraph, for 
transmitting signatures, drawings, and pictures. 
It is based on the principle that when an electric 
current passes through certain colourless solutions, 
it imparts to them bright colours. The method 




Fig. 13.— The Second Atlantic C^hle. 


also that it must resist the corroding action of the 
sea water, and the attacks of fishes and other 
animals. The chief difficulty lies in the fact that 
the wire itself must be very carefully covered, so 
that the water cannot possibly come in contact with 
it, otherwise the electricity will all leak out into 
the water and the earth. Figs. 12 and 13 show 
the construction of the first and second Atlantic 
cables, with the fine copper wires in the centre, 
surrounded by several gutta-peiydia and hemp 


of operating such a telegraph is shown in a crude 
form in Fig. 14. On the sender, tho diagram or 
word is drawn or written with some prepared ink, 
which is a conductor of electricity. ^I^is is laid on 
a metal plate which is connected in the circuit 
Over this drawing are moved the ends of, say, five 
line wires which terminate at the other end in 
the receiver, a' b', where they are simultaneously 
passed over a piece of paper saturated with a cer- 
tain chemical substance ; this paper also rests on m 
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metal ptate. Whenerer one or more of the ends 
of due vires at the sender pass over a line of the 
drawing) the current can flow through that vire, 
and it will therefore discolour the paper of the 
receiver on a precisely similar spot or spots, thus 
producing a broken image of the original In the 


modern instruments it is not necessary to have so 
many viies j one will answer, as it may be passed suc- 
cessively over different parts of the same drawing, 
the other end travelling over the blank paper in 
precisely the same way. In this way pictures of 
fugitive criminals can lie telegraphed all over the 
country, thus facilitating their capture. 

The ordinary system of electric bells used in 

A houses is no- 

thing more than 
^ simple tele- 
graph. The 
push button is 
key for 
closing the 

H This 

H starts 

which 

H then passes 

H through tlie dis- 

H tant receiver or 

sounder, which 
is in the form 
of an electric 
bell or ‘‘vibra- 
tor,*’ shown in 
Fig, ir>. This 
consists merely 
of a magnet, 
H M, through 
Fig. i5.-Bieotric Bell. which the cur- 

rent passes, 

thereby attracting the hinged iron armature, a, 
which moves the clapper. As soon as the iron is 
attracted, it opens its own circuit at c, thus stop- 
ping the current, and causing the iron to return, 
which again closes the oii^cuit, thus continuing the 
intermittent motion of the clapper. Fig. 16 shows 
how the connections are made for running two 


bells from one battery. The battery is shown by 
six little vertical lines, and the push-buttons or keys 
are indicated by the letters t t. Another common 
application of the telegraph is in hotel signals, in 
which the key is the same as before, but the re- 
ceiver is a simple magnet, which attracts a catch 
when the current passes, thereby 
releasing a drop signal A still 
further application is in the 
form of automatic fire-alarms, 
in which an instrument called 
a thermostat closes the circuit 
automatically when it is heated 
or burned by the fire, and thus 
sends the signal The simplest form of thermostat 
is a fine string holding a weight ; when the string 
is burnt off by the fire, it releases the weight, which 
drops on the key and closes the circuit. 

Another application is in connection with clocks, 
and is called time telegraphy. One standard clock 
is made to close an electric circuit every second, 
minute, or hour ; the circuit is led to all the other 
clocks, and by means of a magnet, around which 
it passes in each one, it either runs the clock, or 
merely sets it to correspond with the standard 
clock. 

One of the most useful applications of the tele- 
graph is a system for increasing the safety of tra- 
Tellers by the signalling of trains on railroads. It 



Fig. IG.— Connection of Vibrators. 


has been perfected to such a degree, that a train 
may operate its own safety signals a mile or two 
distant, and may even have its whistle blown, its 
brakes applied, or its steam cut off, by the station- 
master or switch-man a mile or two distant, in 
case the signals are not observed. The application 
of this automatic system of signalling is now enly 
a question of expense, and one of its advantages 
would be that its operation would be as efficient in 
fog as in the clearest weather. Another and very 
recent invention in railway telegraphy is a method 
of telegraphing to moving trains of railway carriages 
without any direct connection with the train. The 
principle underlying this invention is that whenever 
a cun’cnt from the battery is started or stopped in 



Fig. 14.— Bain’s Chemical Telegrraph. 
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a coil or wire^ it produces a second momentary ear- 
I'ent in a neighbouring coil or wire, though entirely 
disconnected from it. This power of electricity to 


piH>duce currents in neighbouring wires is called In* 
duction, and both it and this system of railway tele- 
graphy will be more fully described in afuturearticle. 


COMETS. 

Br W. F. Bennino, F.R.A.8* 


O F all the phenomena which the heavens present 
for our contemplation one of the most imposing 
is a large comet as it s|)ans the constellations with 
its wreath of flame, and traverses the sky with a 
rapidity of motion seldom to be witnessed. The 
unexpected apparition of so stoiiiling a visitor from 
the interstellar spaces, and the majestic asi)ect it 
assumes with increasing dimensions, are such as 
uatumlly fill the imlearned with awe, and we can 
easily understand the superstitious dread with which 
these objects were regarded in bygone generations, 
when 

« the blazing star was viewed, 

Threat’ning the world with famine, plague, and war.” 

Occasionally a great comet woulcl suddenly burst 
out upon the affnglited gaze of mankind, display- 
ing a temfic ap|)earance as it successively took up 
new positions and assumed a number of grotesque 
configurations. Tliis was before the invention of 
the telescope enabled comets to be discovered at 
remote distances, and watched as they gradually 
approached the sun with increasing brilliancy. 
The light of science had not penetrated far into 
the deep mystenes of these bodies, so that they 
terrified mankind with their threatening as{)ect, 
and were looked upon ns the bearens of malign 
influences — the ill-omened intruders u{>on the 
normal l>i*auty of the sky. Little had then been 
leanit concerning them. Their erratic motions were 
peq^lexing in the highest degree, and gave rise to 
many wild theories which sufficiently demonstrated 
the prevailing ignorance. They came and they 
went, exhibiting singular varieties of appearance, 
and a diversity of motion in striking contrast to 
the regular movements of the other celestial bodies. 
Home of the ancient phi]oso])hers looked upon comets 
liB merely the reflection of beams from the sun or 
moon ; others considered that they were originated 
by luminous vapours or exhalations from the earth. 

The visible character of a large comet renders it 
a special object of curiosity to those whose inclina- 
tions prompt them to seek knowledge of the most 
wonderful facts in nature. Indeed, the conspicuous 


appearance of such a body in the sky invariahly 
attracts considerable notice, and is usually the 
prelude to many anxious inquiries from those who 
would catch a glimpse of tho strange visitor. A 
newsimper jiaragraph generally gives the first public 
intimation of the discovery of a comet. But as a 
inile such notices refer merely to telescopic comets 
(Fig. 1), of which several ai’e deteptefl every year, 
and it is only in the compamtively rare instance of 
a bright comet that popular interest is fully aroused. 
Then the next starlight night is rather impatiently 
awaited by many people anxious to indulge their 
curiosity, and i)erhap8 to gain a little notoriety 
from theii* personal friends as being the first to 
lK)int them out ” the new comet.’* 

A fine evening dmws in, and our intending ob- 
server, having carefully assured himself that he has 
correctly interpreted the description of the comet’s 
place, begins to scan tho sky in the suspected region 
with a good deal of erratic vigour, long before the 
twilight has disappeared. Nothing is seen at first, 
and he begins seriously to doubt the alleged dis- 
covery until, as the darkness increases and the 
fainter objects in the firmament become perceptible, 
he distinguishes from amongst the host of stars a 
small hazy apj>6amnce, which is at once recognised 
as the body sought for, and it is promptly pointed 
out with no lack of enthusiasm and pride to such 
of his friends as are witliin call. 

There is the comet, it is true, and the observers 
are much gratified at the view; but after the 
novelty of the first impression has departed they 
agree that ideally the spectacle is not very striking, 
and signs of impatience and discomfort soon become 
apparent amongst them, until a hasty rotreat is 
mode in-doors with apologetic expressions relating 
to the fear of taking cold. 

But the interest of the earnest observer is not 
of the same fugitive character, and he remains to 
watch the comet and to note particularly its ap- 
pearance and direction. Comparing its position 
with respect to a terrestrial object, he finds that 
it pursues the same relative motion as that of 
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Ube 9 tar 8 | and that in a few hours it will have 
desoeaded to the northern horizon. It exhibits a 
dOoided train, which he notes flows upwards and 
becomes more diffuse and faint, until its extreme 
upper limits cannot be defined from the background 
of faint stars on which it is projected The head, 
or nucleus, looks bright, something like a tolerably 
lai*ge star enveloped in haze or seen through a 
iiranslucent medium, and its solitary aspect amongst 
the constellations lends a peculiar charm to the 
spectacle. Our observer, .having satisfied himself 
on these points, determines to re-observe the comet 
on the first clear night ensuing, but cloudy weather 
intervenes, so that the sky is constantly overcast 
until nearly a week afterwards. Meanwhile the 
comet has undergone rapid changes in size and 
i> 08 ition, which almost prevent its being recognised 
as the same object. It has travelled over a large 
space to the westward, and is considerably larger 
and brighter than before. The train now extends 
over many degi’ees, while the nucleiis htis evidently 
intensified ; but the comet soon sinks to the horizon, 
where its l) 0 autiful form is lost amid the gathering 
clouds. The next night it is seen again, when the 
observer is struck at once with the fact that it 
has further increased in dimensions, and that its 
motion is rapidly carrying it towards the sun, A 
few more nights, and it will evidently cease to be 
visible. As the observer continues to watch the 
comet during the short interval before its early 
setting, his mind becomes filled with thoughts as 
to the origin and end of the strange apj:>arition. 
It has been increasing in size with startling i-apidity, 
and inishing towards the sun with a swiftness of 
motion to which he can recall no parallel. What 
will become of it when it reaches the sun 1 Will 
it be volatised in the tremendous heat, or will its 
great velocity enable it to sweep past into the ira- 
ineosiu’able depths of S|>ace beyond 'i Is the comet 
to be regarded as the “ shining sword ” of retribu- 
tion — the emblem of ill — or as simply one of the 
ordinary phenomena of nature wjth its appointed 
course 1 Evidently it is a body of vastly different 
(^laracter and composition from the sun, moon, and 
planets, which display a regularity and harmony 
quite opposed to the erratic motions be has been 
oliserving, for while the planetary membera of the 
solar system confine their orbital revolutions to tlie 
zonal region of the ecliptic, the comet has followe<l 
a path nearly at right angles to it. 

When a comet is first discovered, it is usually a 
very faint nebulous object, without any decided 
traces of a tail (Fig. 1, a). It soon develops itself 


into a more conspicuous object (Fig. 1, 5), giving signs 
of a nucleus, from which a faint train is gradually 
thrown off as the comet becomes better situated for 
observation. It approaches the sun with increasing 
velocity, and is lost for a time in his rays, soon 
emerging again on the other side, and undergoing 
diminution as it recedes into sjmee. As a rule, 
these bodies are not within the reach of the naked 
eye, and they are watched merely by a handful 
of observers, habitually engaged in such work 



Fig. 1.— 'Telescopic Comets. 


at public observatories. Comets are rarely dis- 
covered by accident; they are usually found by 
the systematic explomtiou of the heavens with u 
telescope of low power. Several foreign astronomei'S 
are wholly occupied every clear night in the 
work of sweeping the sky for new comets. When 
a suspicious object is brought into the field of view, 
its position is at once determined, and it is I'eferred 
to a catalogue of nebnlie, for it is sometimes 
impossible, to distinguish, as regards apjiearance, 
between a telescopic comet and a faint nebula. If 
its position is not identifiable with one of the 
numerous class of objects included in the latter 
category, it is closely watched for traces of motion, 
which must immediattdy become evident in the 
event of its being a comet. Its exact place 
relatively to several adjoining stars is carefully 
fixed, and after a sliort interval, the comparison 
shows a slight alteration in the observed positions, 
which at once settles the matter. The discovery 
is telegraphed to foreign observers, and subsequent 
observations of the comet enable the orbit to be 
calculated and its j^eriod determined if the elements 
are foimd to agree with those of a previously 
observeil comet. But there are some difficulties 
in the way of fixing the true form of cometary 
orbits, because these bodies cah only be watched 
while traversing a small arc of their paths, and the 
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larger invisible portion of the orbit has to be 
inferred from tbe visible portion. This occasions 
considerable difficulty, because several varieties of 
orbit are found accordant with the paths of these 
erratic and often unexpected visitors. 

Oometaiy orbits are divided into three distinct 
classes — the ellipse, paralx)la, and hy[>erbola (Figs. 

2, and 3). In some 
cases comets revolve 
in elliptical paths 

of various eccen- 
tricity, and reap- 

pear periodically, 
as, for example, 
Halley’s comet, 

which returns to 
the sun at intervals 
of al>out 76 years, 
or, selecting one of 
Fig. 8. -The Conic SeotionK. shorter time, the 

Ik A) cirt ic ; « a i)j the BUIpse : »o 4 c) the aIta 

i‘»rAboia; (.uAnithernWhoitt. comet oi nmcKe, 

with a period of 
oiUy 1,210 days (3*3 years). The elliptical comets 
represent, in fact, tlie |>eriodical comets, for the 
cliai’acter of their orbits proves that they must 
i*e\dsit the sun again and again at certain defi- 
nite ascertiiinable periods, subject to some slight 
irregulantios occasioned by planetary perturba- 

tions. 

The pambolic form of orbit is, however, usually 
applied to represent the paths of newly-found comets, 
partly from the facility with which it is calculated, 
and partly fix>in the fact tliat it best 
satisfies the observations. The parabola 
is an ellipse of indefinite length, whose 
brandies unite at iierihelion, but extend 
in parallel lines an infinite distance into 
8|nice, so that no comet of this class 
can 1)0 regarded os periodical, l>ecaiise on 
leaving the sun it never returns again to 
perihelion. Sir John Herscliel says, “The 
parabola is that conic section which is 
the limit between the ellip.se on the one 
hand, which returns into itself, and the 
liyj>ei‘lx)la, on the other, which nins out 
into infinity. ** 

The hy|)erbolic comets are those follow- 
ing paths which, though uniting at |ieriheIion, ex- 
tend into illimitable space without ever re-uniting. 
Tlie hyperbola diflPers from the parabola in respect 
of its branches, which are clivergeiit, and not parallel. 
Very few comets have l>een found to pursue this 
form of orbit; the majority revolve in olli^wes, and 


benoe belong to our system. But in oases where the 
orbit is an hyperbola there is no such distinction, 
for, after visitijag the sun once, the comet recedes 
into indefinite space, and is lost to us for ever. 



Pig. 3.— DiagHun of Cometary Orbit*. 
(■) KUUwe; (D rRni>»(»la; (ii) llyi>erlu>la ; (s)Su 


Indeed, that a comet belonging to this class is 
\dsible at all results from pure accident. Roving 
in space, they occasionally enter the region of the 
solar attraction, which soon makes itself appre- 
ciable as the comet is dmwii towards the sun and 
wheeled around it with prodigious velocity, to 
depart again into space never to return. Such 
comets do not properly belong to our system at all. 
Like certain fireballs and meteors which have 
encountered the earth, they are purely sporadic in 


Fig, 4.— Successive Foeitious of a Oomet near PerilieUon. 

character, coming irregularly from the interstellar 
regions within the influence of solar ginvitation, 
and rendered subservient for the time to its efTeots. 
At their nearest point to the sun (in perihelion) 
their distances vary considerably (Fig. 4 ). Like the 
iii’st comet of 1847, they may almost graze the sun’s 
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«urfaoe> or never approach vrithin the orbit of Mars, 
as in the case of Faye’s periodical comet The 
perihelion distance of the comet of 1729 was com- 
puted to be nearly equal to 400,000,000 miles, 
while that of comet L, 1843, was less than 550,000 
miles. 

Some comets appear wholly devoid of tails or of 
any nucleus indicating a condensation of materials; 
others show a very decided nucleus in the form of 
a luminous point situated in the densest region of 
the cometary vapour, and generally on the pre- 
ceding side in the direction of the sun. Others, 
again, particularly in the case of large comets, 
show both a nucleus and tmin, which intensify 
and expand on ajiproaching the sun. The nucleus 
is usually enveloi>ed in an exterior nebulosity 
termed the co/aa, from the Qi*eek *co/»4 (konie)^ 
signifying hair. The comet of 1744 had six tails 
(Fig. 5), and, it is recorded, the intervening spaces 
wei*e as dark as other regions of the sky. The 
comet of 1862 (III.) was not a very lucid object of 
its class, but it wtis chiefly interesting from the 
fact that it exhibited a series of singidai* luminous 
jets radiating from the nucleus and constantly 
varying in appearance. 

The total numlier of comets which have entered 
our system, including those which properly belong 
to it, in past ages, is wholly beyond trustworthy 
adculatiou ; but it is cei-taiu that a vast swarm of 
these bodies must have visited our region of space, 
the great majority of which were never visible to 
the human eye. Some would not approach suffi- 
ciently near the earth to be detected, others would 
be too small for inspection, and others again would 
elude discovery. In the thi'ee years 1877 to 1879 
no less than fouiieen were detected, though in the 
two preceding years (1875 and 1876) a remarkable 
lull occurred in the progress of cometaiy discovery, 
there being an absolute deai’th of new comets be- 
tween December 6, 1874, and February 9, 1877. 
The average annual number of visible comets is 
3 or 4, though some years are more prolific tlion 
others, as in 1846 and 1858, which gave 8 comets 
each. The total number recorded to the present 
time is about 850, and the mte of discovery is 
rapidly on the increase ; for though, in the last cen- 
tuiy, the aggregate of such discoveries reached 71, 
the number for the present century (up to 1879) 
already exceeds 200. It will readily be understood 
that, before the invention of the telescoj^e, only the 
larger class of these bodies attracted attention; thus 
the number of comets observed in modem times 
vastly exceeds those of ancient j^eriods. Moreover, 


with increasing numbers of observei^ and impi'ove- 
ments in astronomical appliances, it is certain that 
futuio years will yield a rich harvest of such dis- 
coveries. It is much to be hoped that some of the 
British observatories will devote a slmre of atton- 



Vig; 5.— Six^talled Comet of 1744. 


tion to this department, seeing that only one new 
comet has been discovered in England during the 
last thirty-eight years ! 

The comets of sliort period, wliose returns are 
capable of definite prediction, are essentially 
objects of considerable importance. They ai'e 
apparently grouped into distinct families, with 
aphelion distances just outside the larger and more 
distant planets. Thus the Jovian family consists 
of a number of comets having j)eriods of about 
five or six years, including the pericnlicol comets 
of Brorsen, Pons (1819), Biela, &c. The comet of 
Peters (1846, VI.) and of Tuttle (1858, I,), with 
periods of about thirteen years, revolve in orbits 
extending beyond the path of Batnm. The comets 
of Tempel (1866, I.) and Stephan (1867, I.) have 
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their aphelia near the orbit of Uranus, with periods 
slightly exceeding thirty-three years ; while those 
of Hailey, 01l>ers (1815), Pons (1812), and several 
others of the same group, give periods of between 
seventy and eighty years, and are, at their outer- 
most points, more distantthan the planet Neptune. 
In some instances periods of enormous length 
have been assigned to comets; thus the six-tailed (?) 
comet of 1744 was supi)Osed to follow an elliptic 
orbit with a period of 122,683 years 1 and, like the 
second comet of 1844, having a tlieoretioal time 
of revolution exceeding 100,000 years, can only 
possess interest for the historian. 

The first of the |)eriodioal comets was discovered 
by the genius of Edmund Halley, and the chief 
fkcts concerning its histoiy are very interesting. 
The large comet of 1682 induced him to investi- 
gate the subject of comets, and to calculate the 
elements of such of these bodies as had been suffi- 
ciently obser^'ed, with the view of finding some 
proof of periodical i*eappearance8. His inquiries 
showed tliat the large comets seen in the years 
1531 and 1607 moved in nearly identical orbits with 
the one be had observed in 1682, and he inferred 
that they were the successive appatitions of one 
and the same comet, I'evolving in an elliptic orbit, 
with a period of about seventy-five and a-lialf 
years. He preadioted its next return for the end of 
1758 or beginning of 1759, and, pursuing the ques- 
tion still further, detected historical records of 
other comets agreeing precisely in |X)int of date 
with previous returns of tlie great comet of 1682. 
In tlie year 1456 a comet was seen “of unheard-of 
magnitude it had a tail sixty degrees long 1 In 
1380 another comet was recorded, and in 1305 “a 
comet of terrific dimensions made its appearence 
about the time of the Feast of the Passover, which 
was followed by a great plague.” In 1066 a large 
comet was seen, which “ created universal dread 
throughout Europe, and was looked upon as a 
presage of the success of the Norman invasion.” 
The returns of this remarkable comet have, in fact, 
been traced back to the year 11 b.c. by Mr. Hind, 
who has also identified from among the ancient 
Chinese observations many other apparitions of 
the same body. But the historical notices prior 
to the Christian era are too vague and imperfect 
to allow the returns of the comet to be traced back 
even further into remote antiquity. In 166 B.a 
“ a torch was seen in the heavens,” but though the 
date agrees well with calculation, it cannot cer- 
tainly l»e said to have been an appearance of this 
comet. 


The predictions of Halley were fuHy vwifiedL 
The comet was re-disoovered on December 25, 1758,. 
and remained visible five months. On May 6, 
1759, its tail was forty-seven degrees long. In 
the autumn of 1835 it was again seen, but it ap- 
peared to have lost much of its ancient magni- 
ficent character. The yeai' 1912 will probably wit- 
ness its next return to our parts of space. 

Of the comets of shorter period, that of Biela 
may be instanced as certainly the most noteworthy. 
It has a }>eriod of less than six years and three- 
quarters, and at its return in 1845 it was observeid 
to divide into two distinct parts, which also re- 
ap))eRred in 1852, following parallel paths. Such 
a unique phenomenon had never before been wit- 
nessed ; but another curious circumstance remains 
to be stated — vk., that this double qomet appears^ 
since 1852, to have wholly disappeared from our sys- 
tem ! Repeated search has proved unavailing, and 
It seems a probable conjecture that it will never be 
seen again. Fiuther divisions of its materials may 
have occurred, dfisi^ersing the original mass over a 
long range of the orbit, so tliat the only visible 
remnants of this singular lx)dy are occasionally seen 
as shooting-stars on the night of November 27, 
when the earth makes a very near approach to the 
comet’s orbit. 

Encke’s comet of short i*»eriod, observed by Pons 
on November 26, 1818, was found identical with 
one which had been recorded in 1805. Encke 
succeeded in computing the whole orbit, and found 
the period of revolution about 1,207| days. The 
observation of this comet breught to light a mar- 
vellous fact in regal’d to its motion, which is slowly 
but certainly bringing it nearer to the sun and 
shortening its periodic time. If this continues, the 
comet must ultimately fall upon the sun. The 
laws of gravitation fail to explain so curious an 
anomaly. The disturbing forces of the planets are 
often severely felt by the thin materials of a comet, 
but in the present case these have been duly taken 
into account, and nothing remains but to attribute it 
to the effects of a resisting medium pervading space. 
Some physical agency, the nature of which is not 
exactly determinable, most constantly oppose the 
comet’s velocity, and intensify the results of solar 
attraction in such a manner that the orbit is dosing 
in upon the sun. 

Newton held the opinion that comets were simply 
the aliment by which suns were sustained, and 
that such bodies, as they swept around their 
central luminaries, were gmdually declining upon 
them. He said — “I cannot say when the comet 
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of 1680 will fall into the sun — possibly after five 
or si* revolutions; but whenever that time shall 
arrive, the beat of the sun will be raised by it to 
such a point that our globe will be burnt, and all 
the animals upon it will perish.’’ The light and 
scattered materials of a comet could hai*dly, how- 
ever, give rise to so vast a conflagration, though 
the sun’s light and heat would i)erhaps be greatly 
intensified in the event of such a catastrophe. 
The sudden outburst of light in the case of the 
temporary stars observed by Hipparchus (134 b.c.), 
Tycho Brahe (1572), and others, has been explained 
on the same ground. 

The following is a list of the short periodical 
comets with which we are best acquainted : — 


Comot’t Name. 

period in 
Years. 

Next Betum to 
Perihelion. 

Bncko 

3*30 

1888 

Pons (1819) 

5*55 

1892 

Brorsen 

6o8 

1890 

D* Arrest . 

6-38 

1890 

Biela 

6*63 

18U1 

Faye 

7-41 

1888 

Though considereble importance 

is attached to 


these bodies, they are insignificant objects, and 
ajipear to be in process of wasting away, for at 
successive returns the same comets show decided 
evidence of decreasing brilliancy, and it has been 
conjectured that their materials are becoming dis- 
tributed along their orbits, so that many of the 
comets will follow the precedent of Biela, and 
become wholly invisible when the central mass has 
been disintegrated and scattered into meteor orbits. 
That comets are liable to distortion and division 
when near their perihelia is a fact borne out by 
many historical notices, and it may be due either 
to the unequal attraction of the sun upon the 
several portions of the cometary cloud, or to the 
action of a repulsive force. In any case it is cer- 
tain that the large area and unequal density of a 
comet as it wheels around the sun, passing, it may 
be, near one of the planets, is subject to many 
{perturbations and disruptive influences which, fi'e- 
quently recurring, have the ultimate effect of sunder- 
ing the original mass and extending it over a con- 
siderable arc, or, indeed, over tlio complete orbit, as 
in the case of the third comet of 1862, which gives 
rise to the annual display of August shooting stars. 

The dimensions of certain comets have assumed 
extraordinary pioportions ; thus the great comet 
of 1643 had a tail 200,000,000 miles in length. 
There were two large comets in 1811, each of 

183 


which exhibited tails of at least 100,000,000 miles. 
The comets of 1618 and 1801 each had visible 
tails extending over more than 100 degrees of the 
firmament, and it is extremely probable that these 
estimates are far below the actual figures, for it 
must be remembered that the visible portions of 
these bodies represent merely a condensed fragment 
of the entire mass, which is undoubtedly scattered 
over a far greater range of space. The nucleus ot* 
this condensation is sometimes very small and bril- 
liant. The comet of 1811 (Fig. 6) had a nucleus 


/ 

/ . / 

/ 
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Fig. a— Great Comet of the Antumn of 1811. 

only 428 miles in diameter, wliile the' “ coma” in 
which it was enveloped was calculated to cover 
1,125,000 miles. The nucleus (Fig. 7) of Donati’s 
comet in 1858 reached 5,000 miles, but the actual 
magnitudes liave been found to vary with consider- 
able rapidity. 

The.se changes are due in great measure to the 
effects of solar heat and attraction, which must be 
severely felt upon the scattered particles of these 
bodies. Planetary perturbations are also to be 
taken into account, for in cases where a cometary 
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track ialls near a planet there is. reaaon to apfnre- 
bend that the former is diverted fn>m its original 



Fig. T.*— Te?«seopic View of Nuoletui of Donati'e Comet, 
October 2, 1858. 


paUi. Such disturbing elements are always taken 
into aoooiint in calculations of cometary orbits and 
periods, as the; are far too considerable to be dis- 


the planet^ and that probably its path would be 
converted into a parabola^ in which case it would 
recede from us finally ; and this eventually proved 
true, for the comet was never seen again. 

l^ons, early in the present centuiy, was a most 
diligent comet -seeker. He found thirty -seven 
during the years 1801 to 1827 ; and, before him. 
Messier had been devoted to the same work, for 
between 1760 and 1798 he had discovered fifteen 
of these bodies. 

The duration of visibility in different comets is 
extremely variable according to circumstances of 
position and to the degree of inherent brightness. 
The comet of 1811 continued in view for iSlO days, 
and those of 1825 and 1861 for twelve months 
eiich. Yet other instances might be adduced in 
which comets had been observed on one or two 
nights only. 

Some comets are only visible in the northern 
hemisphere, others are confined to the southern, 
wliile in some cases they are seen in both hemi- 
spheres. A great comet was seen in the southern 
hemisphere early in February, 1 880, with a train 
of some 40^ or 50”, extending upwards, and curved 


i^egarded. The planet Jupiter, |||||||||||||||||||||||||||||» 
from his immense 

capable the 

as come 

the range of 

indeed, history a 

wholly disappeared from our sys- 
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changed into the elliptic path Fig. 8,— Tele«<»p!o view of thoNnolecu of Cog^'i Comet, 

derived from the observations jWw»3874. (J.jt. iroofcy^r.) 


in 1770; in feet, its incursion into our system amongst the stars of Pheenix and Eridanus. On 
was quite new, and wholly attributable to the February the 7th, 1880, as seen at the Cape of 
disturbing action of Jupiter. Lexell also pointed Good Hope, the lower part of tlie tail enveloped 
out that in 1779 the comet must again approach the bright southern star Fomaihaut. It was 
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unfortunate that t^e position of this £ne and 
recent comet rendered it wholly invisible to ob- 
servers in the northern hemisphere* 

The physical nature of comets has offered some 
puzzling questions for theorists. It has been moi^ 
than ordinarily dillicult to account for the erratic 
behaviour of these bodies, and for the many curious 
forms which have iKsen noticed in their appeamnce. 
JBut observation has at length accumulated a mass 
of facts regarding the visible aspects of these 
strange objects, which are of consideiuble value in 
such inquiries. It must, however, be admitted 
that the subject is still involved in mystery, and 
that the physical constitution of comets continues 
to present a problem of great complexity. The 
tails of these bodies, tlieir comse, the jets, fans, 
and aigrettes, ai-e phenomena so utterly different 
to what is seen in other celestial bodies, that 
our conception fails to afford a sufficiently clear 
idea of the forces producing sucli curious results- 
It has been 8 Upj) 08 ed that comets shine with an 
inherent phosphovesonce, and are not rendered 
visible by the reflected light of the sun, for though 
some comets have exhibited bright planetary discs, 
no signs of phases have ever been evident. But 
this fact alone cannot be held to negative the point, 
because if a comet is understood to consist of an 
immense assemblage or stream of planetary atoms, 
then it is certain that the solar i*ays will be pei'- 
meated amongst the whole mass, and it will ap[)ear 
biminous throughout the entire range of its denser 
fKjrtions. Every individual fragment will have its 
[ffiase, which must, however, be entirely impercepti- 
ble at the distance of the earth, for the vast concourse 
of miniature j^ellets comjK>8ing the stream is visible 
only as a mass. A little dis^xsrsion must place 
them wholly beyond our reach ; indeed, in the case 
of some of the largest comets, we have been struck 
with the great tenuity and rarity of their material 
composition. They shine like a wreath of tliin 
transparent vapour, through which the faintest 
stars are readily disoeniible. Sir J ohn Herschel 
has referred to the “ all but spiritual texture ” of 
comets, and they have been elsewhere characterised 
as “visible nothings.*^ The faintest cloud we see 
illuminated by the sun has far moi'e opacity than 
is found in the brightest comet. 

It has been suggested by the ingenious experiments 
of Tyndall that the tail is simply due to a chemical 
action of the light transmitted through the nucleus, 
which means that it is merely a spectral appearance 
and not a distension of the comet^s materials. 
This would account for tlie generally observed fact 


that the tail flows in a direction away from the sun, 
though it would by no means eliminate other 
difficulties, such as the very sudden development 
of the tail in certain instances, and its remarkable 
variations as it is wheeled round the sun. 

A repulsive force originated by the sun wLicli 
has the effect of distributing the outlying materials 
of the nucleus into trains of different cur vatu w^s 
has been advocated as the true explanation of these 
phenomena ; but this theory also has its objections. 

The spectroscope usually reveals thi*ee bands, 
corresponding to the lines of carbon. In the case of 
Coggia’s bright comet (Fig. 8) of 1874, Dr. Huggins 
wrote that three bands were seen in the coma and 
paH of the tail. There was also a continuous 
truin, which in the comet’s train became so dechled 
as nearly to overpower the bright lines. D Arreit, at 
Coj^enhagen, saw “ a beautiful continuous sj>ectrum, 
crossed by three bright lines of carbon.” Dr. N. de 
Konkoly, at the Obseiwatory of 0-gyalla, Hungary, 
found the spectrum agreed perfectly with that of 
carburetted hydrogen. Mr. Lockyer inferred, from 
his observations that the blue rays were singularly 
deficient in the continuous spectrum of the nucleus 
of the comet, that it was of low tenq>emtui‘e, 
Several forngn observers found the 8{)ectruai of tiie 
nucleus to agi^e with tliat coming from a glowing 
gas, the nature of which was indicated by the 
}X)sitions of the bright bands, which wei*e foutid to 
correspond with the bands seen in the spectrum of 
oleflant gas or heavy carburetted hydrogen. 

But notwithstanding the aid of the spectro- 
scope, and the long i)ei’iod over which telescopic 
observations of comets have now extended, it must 
be allowed that the question is still much shrouded 
in mysteiy. No clear exposition of the pheno- 
mena presented by the trains can be gathered from 
known physical laws, the changes are so sudden, ex- 
tensive, and curious, and differ so frequently in many 
details, as to defy explanation or prediction. But 
the forces of attraction and repulsion to which in a 
general way the ap}>ea ranees of comets are wholly 
attributable, are likely to affect different comets in 
different degrees, seeing that such bodies are often 
vastly dissimilar. Some of them approacli the sun 
far within the orbit of Mercury, and will experience 
the extreme effects of these forces, while others, 
never coming within the orbits of the minor planets, 
will to a large extent evade their operation. Again, 
there are great diflerences in the density and size 
of these remarkable objects, which must render 
tliem liable in various degrees to the influences 
acting u})on them. Additional observations are 
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still required regarding the visible character of 
comets, combined with the important facta of posi- 
tion and distance, both with respect to the sun and 
earth. When these sliull have been duly compai*ed, 


some of our present difficulties may disappear, and 
the physical constitution and extraordixiary dianges 
of these singular bodies will possibly admit of a 
moi'o ready interpretation. 


HOW HAILSTONES ARE FORGED IN THE CLOUDS. 

By Koiieut James Mann, M.I)., F.R.C.S,, F.E.A.S., etc. 


I N a former coranuinication* snow was spoken of 
as being to min very much what hoar-frost is 
to dew. A less appreciative and at the same time 
leas scientific view of the circumstances of the case 
would probably rather have suggested that hail was 
the frost-representative of the rain-drop. Hail is, 
however, in its most )>erfect form by no means 
simply frozen min. 

Under 8i>ecial conditions that sometimes present 
tliemselves, min-drops are frozen into little balls of 
hard ice m tliey pass through very cold mgions of 
the air in their fall towaixls the ground. In such 
instances the hail assumes the form of small I'ound 
spherules of translucent or absohitely clear ice, of 
liomogeneous texture throughout, and with smooth 
outer surfactMij. All that is necessary for the pro- 
duction of hail of this character is that there 
should he min (lejK)sit(Hl in a wann upj»er region of 
the atmosphere, and that tins sliould have to fall 
ill rough a very cold currei.t of wind beneath. 
Hail, however, much more commonly presents 
itself as opatpie white gmins that look like miiiia- 
ture snowballs rather than frozen min-drops. Tlie 
fonn which is pfirliaps, on the whole, most commonly 
seen, and wliich is familiarly known as sleet, is of 
this nature. It consists of small white and opaque 
bodies, not more than of an inch across, and not 
unfrequently either soft or hollow within, and 
encasc<l externally with a coating of hard ice. In 
all such circumstances the hail is primarily and 
essentially comj>osed of snow-flakes which have 
l>een partially thawed, and then frozen again before 
the liquefaction has been complete. In such cases 
the snow-flakes are primarily dejwsited in a high and 
cold region of tlie air, and then ])ass during their 
subsequent fall, first through a warmer stratum of 
the atmosphere, and tlien through a very cold cur- 
rent nearer to the ground. 

The most superficial consideration of the physical 
history of bail at once brings into prominent 
notice the remarkable fact that, notwithstanding 
its frozen condition, it is much less certainly and 
♦ “ Science for AU,” Vol III., p. 178: 


absolutely a production of winter than snow. It 
is capable of occasionally presenting itself in the 
seiison of winter ; but as a general rule its grandest 
and most impressive manifestations of itself take 
]»lace in warm seasons and climates rather than 
when and where the reign of winter has been 
established. It habitually waits until tlie earth is 
clothed with its gaimient of Itixuriant vegetation, 
and it is quite a frequent visiUint to tlie land of the 
olive and the vine. It is very common in regions 
that are of quite tropical heats. It is by no means 
a stranger on even the suu-scorched j)lains of 
India. Sir Joseph Hooker sjieaks of hail lying as 
tliick beds of ice in sheltered nooks of the Sikkim 
Himalaya, and in the forest regions which intervene 
between the mountains of that distiict and the 
lower plains. Within the i>resent century hail 
has been seen knee-deep in the street4i of tropical 
Mexico. It is very common, indeed, in many 
of the sunny latitudes of Soutliern Europe. There 
can be few observant persons wlio are not awai’e that 
the most serious hailstorms, even in England, occur 
in the season of spring-tide and summer rather 
than in winter. It will be remembered that the 
hailstorm wliich in 1879 left its devastating track 
in the south-western precincts of London, and which 
did BO much damage at Richmoiul and Kew, pre- 
sented itself there in the approximately mid- 
summer month of August. 

Anotlier notable ciix^umstance which also stands 
prominently out in the physical history of hail- 
storms goes very far to accoimt for tlie fact that 
they oi'e so generally prevalent in warm seasons 
and places rather than in cold. In their most 
perfect development they are invaiiably associated 
with the occurrence of lightning and thunder. The 
heaviest and most destructive falls of hail are, 
indeed, incidental features in \iolent thunder- 
storms. It scarcely ever haj^pens that a h6a\y 
fall of hail is not immediately preceded by light* 
ning and thunder. 

The ordinary forms of hail which are pi'ecipitated 
in connection with thunder-sliowers in England and 
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in most other temperate countries fall upon the 
ground with a sharp rattle, which indicates the 
fi^zen solidity of the hailstones, but which is never* 
theless quite innocent of all mischievous edects. 
The size of each hailstone is, in such circumstances, 
so diminutive that scarcely any mechanical result 
ensues even when it strikes upon brittle and frail 
bodies, although it may be moving with consider- 
able velocity at the time. A hailstone that is a 
quarter of an inch in diameter scarcely weighs 


was estimated at J30,000. A hailstorm of a similar 
character which visited the eastern suburb of 
London on the 19th of May, in 1809, and which 
was described by Luke Howard, the well-known 
historian of the climate of London, broke 200,000 
panes of glass. A hailstorm whicli burst over the 
northern part of London on the 30th of J uly, in 
1826, is said to have been scarcely less destructive 
in its effects. 

The Richmond hailstorm took place during the 



Fig. 1.— 'Appsaravci; or a Small DwKLLXiiro-HoiJSc iv a Suburb of Pietbrharihebbro, Natal, imxeoxatelt aftdb a Hail* 

8TORK, June, 1S74. {From on Original PtiOtograph ,) 


more than a couple of grains. But the case is far 
otherwise when the heavy artiH|)ry of the sky is 
brought into play. The hailstones then fall with 
a destructive violence that can hardly be conceived 
until it is seen. Leaves are stripped from the 
trees, and frail objects of all kinds are shattered 
into fragments; even sheets of corrugated iron 
which are exposed to the direct violence of the 
storm are riddled into holes. Tlie hailstorm which 
occurred m the neighbourhood of Richmond on the 
night of the 2nd of August, in 1879, although its 
operation was limited to an area of fourteen square 
: miles, inflicted a loss, in broken glass alone, which 


night which followed the 2nd of August, 1879. 
Disbint lightning was observed playing incessantly 
about the horizon from nine o’clock in the evening, 
and a little before two o’clock in the early morning 
of August 3rd the storm burst over Richmond 
and the neighbourhood, in the midst of a violent 
squall of wind, accompanied by flashing lightning 
and rolling thunder. Tlie chief fury of the storm 
was exj^eriencod Iwtween lilaling and Kingston. 
Hail fell during about ten minutes, and many of 
the hailstones were so lai*ge that they could not be 
put into drinking-glasses of an ordinary siza In- 
dividual specimens amongst them weighed a quarter 
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of a pound. One boltnahaped piece of ice was picked 
up at Teddiugton which was nearly ij- inches long. 
'Ihe greater jmrt of the hailstones were, however, 
from 1| to 2 inches across, and wei*6 moulded into 
the form of flattened spheroids. All the glass 
which had a northern and north-eastern exposure 
in tlie track of this storm was broken. 

The stones which fell ujx)n this occasion were, 
nevertheless, of moderate dimensions in compan- 
son with those which are sometimes met with in 
hotter climates. The preceding illustration (Fig. 1) 
very gi'aphically reju'esents the condition in which 
the roofs of dwelling-houses are sometimes left 
after they liave been bombarded by stones of such 
calibm 

The engraving in this illustration was made 
from a photogi'aph which was taken immediately 
after the storm. One hailstone which was picked 
up from the ground u|K)n this occasion was found 
to weigh nearly three pounds. It is said that 
stones fell at Cazorta, in Spain, in 1829, which 
weighed nearly four pounds and a half. The 
German meteorologist, Kaemtz, describes a mass 
of hail that was rejwrted to have fallen in 
Hungary in 1852 as measuring 39 inches in two 
dii'ectious, and as being 28 inches thick. In every 
case, however, where dimensions of this cliaracter 
are concerned, it is tolerably certain that the ice- 


through the air by the whirling of the wind. 
The storm>wind is ordinarily of such force during 
a discharge of hail that even the heaviest hail- 
stones are carri^ along by it in an almost hori- 
zontal drift. The peculiar sound which is heard 
on the approach of a severe hailstorm, and which 
has been aptly likened to the noise made by 
the gHlloi>ing of a large flock of sheep over hai*d 
rocky ground, has been referred by some meteor- 
ologists to the clashing together of the ice-masses in 
the air under the surging and irregular movements 
of the wind. As will presently be apparent, thei'e 
is another explanation of at least one part of tltis 
sound which is also held to be probable. But 
whatever may be its source, the sound is, at any 
i-ate, one which is so peculiar that it can at once 
and at all times be recognised by practised ears as 
the warning note which is associated with the 
approach of hail* 

There, nevertheless, are hailstones formed in the 
air as primary and quite ind6i)6ndent accretions 
which are of very considerable size and weight, and 
which acquire their full dimensions without any 
fusion together of separate masses ; and these 
pnmary hailstones of independent formation are at 
once to be distinguished by certain features of a 
very remarkable character. They invariably con- 
tain a central nucleus, or kernel, of partially melted 


mass described as having fallen fi’om the sky as and subsequently re-frozen and closely compacted 


hail is the result of the sudden agglomeration and snow. But tliis 
adhesion together of a more or less considerable nucleus is either 
number of separate hailstones under the influence encased, or girdled 
of regelation — under the circumstance of the par- round, by hard, 
tial melting of the contiguous surfaces of ice when transparent ice of 
the separate hailstones are vio- 
lently d liven together, and of 
their immediately afterwards 
freezing together at the surfaces 
of contact when the jiressure of 
the mechanical impact is relieved. 

The lumps of ice which are com- 
monly found lying upon the- 
ground after a lie^vy fall of hail 
are unquestionably of this cha- 
racter. Instances are well known 
in which imnes of windows have 
been covered with a continuous 
coating of hail duiingthe striking 




against them of a drifting hail- 
storm. It is quite conceivable 


Figs. 2 and 3.— Crjftalline Hail!d;on«a wbi^ faU on the 9th of Jnne, 1869, near Tiflia, 
in Gieorgia. E, Ahich.) 


that in some circumstances hailstones may even a distinqtly crystalline formation ; and in some 
get frozen into a continuous mass when they are instances the ice-crystals are of very large size and 
violently driven together during their . passage of the most beautifully regular geometrioal forms. 
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Small aapplementaiy nuclei of soft white ice, and of 
a flattened form, are also not unfrequently found 
embedded in amongst the outside crystals. The 
two woodcuts that aocom}iany this portion of the 
text (Figs. 2 and 3) are very excellent representa- 
tions of hailstones of this character, drawn to their 
natural size. They are exact portraits of hail- 
stones that fell during a violent storm in the 
Thrialeth Mountains, near Bjeloi Kliutsch, a shoH 
distance south of the Caucasus,* on the 9th of 
June, 1869, and are, perhaps, the most interesting 
and instructive pictorial illustrations of crystalline 
hailstones that have ever been made. Tliese 
figures are copied fi*om drawings which 
were prepared at the time by Mr. H. 

Abich, a Russian gentleman of consider- 
able scientific attainments residing on 
the spot, and which were afterwards en- 
graved and published in a Russian scientific 
joumal. 

Some of the crystalline hailstones which 
fell on this memorable occasion were 
nearly three inches across, and weighed 
four ounces. The specimens from which 
these and some other analogous illustra- 
tions were drawn were immediately after 
the storm picked out of on iron vessel 
into which they had fallen. In all of these 
instances it was obvious that two quite 
distinct classes of oi>erations, whether 
simultaneous or consecutive, had been 
concerned in the work of constiniction. 

In all there was a central frozen mass of 
tolerably pure white ice, rendered opaque 
and opalescent by the infiltration into 
its substance of minute aii*-bubbles. This 
mass waS; however, most opaque in two 
parts, in the very middle of the central nucleus and 
in an outer investing shell ; and between this opaque 
inner kernel and the outer shell there was more 
transparent ice, marked radially by six spoke-like 
lines of a glistening hue, and inclined to each other 
by quite regular angles of sixty degrees. Tlie 
glistening rays lost themselves gradually in both 
the inner nucleus and outer shell, into which they 
passed by their opposite extremities. The entire 
central radiated mass was nipped in, or compressed, 
at the sides, and it was surrounded along the circle 
of largest diameter by a zone, or wreath, of large 
crystals of bright transparent ice, which were, for 
the most part, of exquisitely regular geometiical 
symmetry. Some of these laige crystals were quite 
* Not far fmm Tiflii, in Georgia. 


distinct and isolated from the rest, whilst otheis 
were connected by their sides, and, as it were, par- 
tially fused together. The greater part of them 
were moulded into the form of six-sided columns, 
with obtuse rhomboidal prisms capping their ends. 
But there mingled amongst those other broa<ler 
varieties of more or less flattened and ttvbiilar 
shape, and often rounded away by incipient fusion 
at the edge. As a rule, the outward or longitu- 
dinal growth of the crystal appeared to have 
occurred in a plane corresix)nding more or less 
nearly with the rim of the wheel-like, flattened 


mass. But occasionally well-developed crystals 
appeared also on the flattened sides of the s})he- 
roidal mass and, when detached from it, left pits 
on its surface which con*esponde<] with the com- 
pletion of the pyramidal forms of crystallisation in 
that direction. These large hailstones melted away 
so slowly that on the morning following the stonn 
there still remained in the iron vessel iti which 
they had been caught a considerable number of 
them, changed into the condition of clear lenses of 
ice. 

The shapes sketched by Abich derive an additional 
interest from the circumstance that they closely 
correspond with an account of the intrinsic meeha* 
nism of crystalline hail which was given by Captain 
Delcros, a French officer of engineers, in 1819. 
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and whiob was published about that time in a 
scientitiG journal* by M. Arago. A hailstorm at 
that period ravaged a large poi*tiou of the western 
districts of France. The liailstones shattered the 
roofs as well as the windows of the houses, 
knocked off the branches of the ti'ees, devastated 
the cultivated fields, and wounded and killed living 
animals feeding upon the pastures. Oa[)tain Deb 
oros had sections cut of some of the most remark- 
able and characteristic of the stones that fell, and 
he found that they consisted of masses of compact 
white and opaque ice enclosed within cases of clear 
crystals. Fig. 4 is a copy of one of the drawings 
in section which Captain Delci’os made. It repre- 
sents a small central nucleus of opaque ice sur- 
rounded by a thick coating of bluish ice maiked by 
mdial lines running from the centre to the outer 
circumference, and yet again suri*ounded by a coat- 
ing of concentric layers. This external coat was 
in its turn encased in a congeries of large crystal- 
line pyramids of cle.ar ice, connected together by a 
packing of smaller crystals inserted between. The 
clear crystals, however, constituted a complete case, 
instead of being limited to a circumferential wreath, 
as they were in the s^iecimens described by Mr. 
Abich. 

Hailstones are not unfrequently met with in 
which successive concentric layers of clear bluish 
and of opaque white ice occur alternating with 
each other, as represented in Fig. 5. 

These coats, which are arranged over each other 
like the coats of an 
onion, have been 
sometimes familiarly 
spoken of by obser- 
vei’S as consisting of 
alternate layers of ice 
and snow. The Ger- 
man meteorologist 
Kaemtz, in alluding 
to large hailstones, 
says that they are 
com|> 08 ed of alternate 
layers of snow and 
ice, and that they are covered externally by a 
thick coat of ice. He also states that com- 
pletely formed hailstones invariably have a snowy 
nucleus. Large hailstones occasionally assume 
a distinct pear-like form, with a protuberance 
at one side, as if they hod enlarged most rapidly 
in the direction of their fall. Descartes and 
some other observers held that this somewhat 
* Poggondorff’s ** Aniuileii,” 1819* 


irregular pear-like shape was in reality due to the 
hailstones being the fragments of shattered spheres 
of larger dimensions. This, however, has never 
been satisfactorily proved, and the meteorolc^fists 
of the pi*esent day moi'e incline to the opinion that 
the pear-like shape is the natural and original form 
in which the hailstone is cast. 

It will now, after this preliminary description of 
the composite structure of crystalline hailstones, be 
easy to undei'stand what the chief difficulty is that 
scientific men have had to contend with in their 
attempt to ex[)lain the way in which these chilled 
shot of the sky are formed. Crystals of large 
size, in most other cii'cumstanoes, ai*e conceived to 
require considerable intervals of time for their 
construction. They are so slowly and deliberately 
built up by the methodical and orderly aggregation 
of their molecules upon geometrical lines, that the 
finest crystals are almost universally found to be 
those which have occu[)i6d most time in their 
growth. But how can thei*e possibly be any 
deliberate and slow aggregation of tlie component 
molecules in the case of hail? A mass of ice 
weighing thi*ee or four ounces cannot be poised in 
the air like a snow-flake whilst its prisms and pyra- 
mids are being deliberately fashioned by the slow 
and deliciite process of molecular attraction and 
adjustment. The hailstone which is precipitated 
with the force of a projectile from the air must be 
the creation of an instant, notwithstanding the 
cunning regidarity and methodical order of its 
lines. There is, no doubt, very much that has yet 
to be ascertained in regtird to the process by which 
these l>eautiful ice-crystals are fabricated in the 
sky ; but the direction in which the solution of 
these unknown agencies has to be sought is indi- 
cated in no doubtful way by one of the character- 
istics of the hailstoi*in, which has already been 
incidentally alluded to — the circumstance, namely, 
that it is so invariably associated with lightning 
and thunder. This association, indeed, has been a 
matter of the most familiar experience from very 
early daya Tlie first great hailstorm of which 
there is any authentic i*ecord had “fire mingled 
with the hail,’^ and “ fire ran along the ground ” as 
the hail fell to the earth. In the La Braconi^re 
storm, desciabed by Captain Delcros, incessant lightr 
niugs Hashed over a tract twenty geographical miles 
wide, and extending from the Tyrol to Lower 
Saxony. In the Georgian storm the precipitation 
of hail was preceded by lightning and thunder, 
and the lightnings Hashed unceasingly from the 
clouds as it drifted away. In the Richmond 



Fif, 5.— A HaiLotoue with Conoen- 
trio Layers of Clear Blue and 
Opaque White loe. (A/Ur Atioh.) 
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and oommeaoed eighty minute 

jnkxiight ; the litaii began to £all aeventy^ve 
minutea after midnight, and the lightning waa then 
seen for another half>hour. 

In CHrder to apprehend the full force of this 
conneoUon, it must, be carefully kept in mind that 
one of the essential e6fects of a powerful electrical 
discharge through the atmosphere is the violent 
expansion of the tract of air that lies in its path. 
Thunder is incidentally a consequence of this result. 
Air doe^ not remain rent, as solid bodies do, after 
it has been torn asunder by a disruptive operation 
of this character. The air which has been driven 
away by the expansion along the track of the dis- 
charge is immediately forced back by the elastic 
resistance which it meets, and by the superincum- 
bent pressure of the surrounding mobile mass, and 
the air-partides, in consequence, strike together by 
a sudden impulsive clash. This is the source of 
the sonorous vibration which rumbles on into the 
roll of the thunder. But whenever aii* is suddenly 
and violently expanded in this way it is chilled by 
the expansion. A large amount of sensible heat 
becomes latent and insensible with the production 
of a corresponding amount of cold. In the case of 
the passage of a discharge of lightning, the expan- 
sion is both vety sudden and very large, and the 
cold is, in the same degree, intense. Such, in all 
probability, is the source of the cold which, in the 
formation of liail, converts aqueous vaix)ur into 
aggi'egations of ice. 

Some curious and ingenious experiments of 
M. Dufour, of Lausanne, which wei-e described in 
the “ Biblioth^l 1 e Universelle ” for 1861, seem to 
tend to confirm the idea that crystalline ice can 
be produced by electiical discharges in this way. 
M. Dufour caused small spherical drops of water to 
float in a mixtui*e of almond oil and chloroform, 
and found that he could then reduce them to very 
low temperatures without freezing them. But 
when, in such ciicumstonces, he passed a smart 
shock of electricity through themy they were in- 
stantaneously turned into small spherical masses 
of solid ice, which had white snow-like nuclei 
within, and hard ti-ansparent ice-crystals surround- 
ing and miclosing the central mass and radiating 
out fix>m it, exactly as occurs in the crystal-studded 
hailstones. A careful observer, M. Bois-Gei*aud, 
states that he has frequently seen laige drops of 
liquid rain fall upon grotu^ possessing a tem- 
poratute considerably higher than S2^Fahr., and 
oonyerted into solid ice at the instant of contact « 
hj the mere influence of the mechanical shock. It 
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is, periiaps, not unworthy of note that the distin* 
guished electrician, M. da la Rive, regarded the 
whizzing noise which accompanies the fall of hail 
as being mainly a brush-discharge of electricity ; 
and, in support of tliis opinion, he cited the fact 
that thunder generally ceases to be heard so long 
as the actual deposit of the hailstones continues*— 
a circumstance which is well authenticated, but 
which some other observers have been inclined to 
attribute to the roar of the hail being loud enough 
to smother the sound of the thunder. 

The production of hail, however, reqtiires a 
copious 8ui)ply of free moisture as well as the 
instantaneous pi*oduction of intense cold. This 
condition is very obviously and satisfactorily 
exjdained by the fierce conflict of wind which is the 
never-failing acconxpaniment of hail. The hail- 
stones are whirled to the earth in the midst of a 
violent squall, which seems to bui’st in quick suc- 
cession from all points of the compass. Hot and 
cold currents of wind are suddenly driven together, 
and from the mingling of these currents aqueous 
va[)our is deposited. Sir John Herschel long ago 
pointed out that an extremely cold current of air 
must be suddenly projected into the midst of warm 
air thoi’oughly saturated with moisture to form 
hail. The water of the ice-cataract is supjdied 
by the winds, and its cold is famished by the 
lightning. 

It is almost universally noticed that hailstorms 
restrict their ravages to comparatively narrow belts 
of land. In England the devastated area is rarely 
more than a mile or two miles long, and a few 
hundred yards broad. The Richmond storm, which 
was of exceptionally large extent, was seven miles 
long and two miles broad. Much larger tracts are, 
however, sometimes laid under contribution in 
other parts of the world. A hailstorm which 
passed over Prance in 1788, and which caused 
damage that was estimated as amounting to 
.£987,600, left the mark of its track from the 
Western Pyrenees to the Baltic Sea, an extent of 
quite six hundred miles. It moved over this range 
in two parallel bands eight miles asunder, and with 
a breadth of foiir miles for one of the bands and of 
eight miles for the other, and it travelled at the 
rate of forty miles an hour. Heavy rain, without 
hail, fell in the interval that lay between the 
pai^allel bands. A fringe of heavy rain almost 
always attends upon the preoi{utation of hail. The 
actual fall of hail is rarely prolonged at one place 
for more than eight or ten minutes. It will at 
once be perceived that the beltdike deposit of the 
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Itdii 18 a natural oonaeqnenoe of its baing diie to 
the mingHng of oppositely moving eorrents of wind 
The bail fiilte where such antagonistic eumnts over- 
lap at their edges. 

Mr. Abich’s account of what he observed in the 
great storm near Tiflis comprises all the main 
features which characterise the production of these 
destructive disturbances of the atmosphere, and is, 
on t^t account, worthy of being again referred to 
with some fulness of detail. The three previous 
days in the neighbourhood were warm and still, 
with a vm*y gentle south-west wind and a steady 
barometer. About five o’clock on the evening of 
the 9th of June a dense obscuration of the sky 
towards the north and east gave indication of an 
approaching thundemtorm. This developed itself 
so rapidly that there was scarcely opportunity, after 
it bad appeared, to hnd shelter beneath a shed before 
the storm burst with excessive fury. The storm- 
wind swept up with ** tearing speed,” and the gusts 
came intermittingly fix>m the north-east and from 
the east-south-east. The dashing of the lightning 
and the rolling of the thunder were almost unceas- 
ing, and then in a moment, with a roaring rattling 
noise, a cataract of hailstones of the size of hens’ 
eggs was discharged, almost with the impetuosity of 
an explosion. These fell in all directions and with 
the utmost diversity of slant, sometimes beit% drifted 
along in a nearly horizontal course. It was imme- 
diately noticed that the stones were of irregular 
outline and sharp-coniered, although often broken 
and shattered by the fall. A closer examination of 
them showed that the irregularity and sharpness 
were due to the piling together on the outside of 
the large and symmetrically-formed crystals of 
transparent ice which have been already alluded to. 
The precipitation of these large crystalline bodies 
oontinued for about twelve minutes, and the storm 
then swept away amidst the prolonged rolling of 
retreating thunder and with a deluge of rain. 
Panes of glass in dwelling-houses were in many 
instances drilled with even round holei, which 
thus indicated the great momentum of the frozen 
projectiles. 

It has been remarked that the sky very commonly 
assumes a distinctively characteristic appearance 
before the precipitation of hail The blue colour 
is not of its usual deep tint, and due (breads of 
cirrus cloud are deposited in the higher regions 
of the atmosphere. The air near the ground 
becomes oppressively warm, and the high tempera- 
ture diminishes very rapidly upwairds, the ther- 
mometer often indicating a lower reading than 32^ 


I^hr. at an eleratiQii of 5,0(^ iaati aotwi^ 
standing a quite insufqiMrtable heat bebw. A 
powerful upcaet of the heated air then sets in^ 
carrying with 4t oopiotts loads of redundant 
moisture, which is very soon piled up, as it is 
condensed into heavy cumulus clouds. The 
ascending moisture^laden air at last beoomes 
suddenly and intensely chilled, and simuitaneouslj 
wi(^ this the discharge of lightning begins. The 
higher region of the cirrus clouds is chaiged with 
tlie usual positive form of electrical fire which is the 
constant and natural production of the vapours that 
rise from the positively electrified surfiloe of the 
sea. But the storm clouds which are generated in 
the heated upcast from the land, as was first shown 
by the distinguished electrician, M. Peltier, are 
as constantly saturated with n<!^^t^'^electrio finroe. 
This electrical antagonism of the hi^er and lower 
layers of the clouds, no doubt, has much to do 
with the flashings of lightning and the whirlwind 
commotions which ensue. In the South Afiicaii 
colony of Natal the storm cloud may often be seen 
to arise as a small wisp of vapour in the clear 
sky hanging over the seaward slopes of the 
Drakenbeig Mountains, which then begins to 
revolve and enlarge until it is matured into a 
thunderstorm. The discharges of lightning after 
this occur, and the thunderstorm sweeps down 
from the mountains into the lower plains. It is 
well known that hail is sometimes formed in very 
high regions. M. de Saussiire observed hail eleven 
times during hU sojourn of thirteen days on the 
Col du G4ant, at an elevation of 11,000 feet. The 
Ghamounix guide Balmat experienced a hailstorm oh 
the summit of Mont Blanc, on the memomble ooca- 
siou when he passed a night there ; and it is said 
that hail is continually found beneath the snow on 
the top of that monarch of the European mountains. 

It was at one time a dogma of meteorology that 
hail does not fall during the night This is, how- 
ever, certainly a mistake. It will be remembered 
that the severe hailstarm at Richmond made a 
notable protest against this assumption, as it 
odburred in the small hours immediately following 
midnight It is nevertheless true that heavy hail 
stornis do most commonly take place shortij aftei 
noon and during the period of the greatest heat oi 
the day. The exact time, however, which seems 
to be most favourable for the formation of bail 
varies very much in different places. It is Ui- 
fiU^nced to a considerable extent by the physical 
ciroumstanoes which are concerned in aet&»g up 
strong air-currents. The xmt prosdmity M high 
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nmnUim dioep valleys Mriaimly teada to tAe 
froqu^oit production of hail M. Beapino, an 
ItiJiin meteorologiBt^ who carefully inyestigated 
the situaticms yrhioh were most liable to hail in 
Sardinia in 1840, came to the oonolusion that the 
direction ctf high mountain^chains obyiousiy exerted 
a strong iufiuenee. All the situationB which were 
most fluently' visited by hail held a somewhat 
rimiUr rdation to the high mountains. Tliis, of 
course, may be looked upon as a natural conse- 
quenoe of the power which mountains possess to 
inaugurate violent conflicts of oppositely moving 
winds. 

The discovery of tlie intimate physical relation 
that exists between the precipitation of hail and 
elwtrical disturbance very soon and very naturally 
suggested the idea tliat it might perhaps be pos- 
sible to prevent hail by relieving the electrical 
tension of the clouds through the instrumentality 
of lightning conductors. Twenty-five years ago 
M, Arago inclined to regard this notion with sonic 
favour, and suggested that the service might, 


{lerhaps, be most efllioiently performed by sending 
captive balloans up into the storm-olouda Various 
experiments were actually tried in some of the vine 
districts of France, and a name was invented for 
the apparatus that was thus brought into use to 
tap the aSrial reservoim of the lightning. It was 
called “ paragr61e/'t to indicate its close kinship 
with the ‘‘ imratonnerre,” or lightning conductor. 
There is an obvious reason, however, why no anti- 
cipation of success from any expedient of this kind 
can be reasonably entertained. Hailstorms pro- 
duce their destructive effects not whei’e the electric 
disturbance originates, but long after they have 
been launched upon their im|)Otuous and quite irre- 
sistible career. What paragi'^le could reasonably 
be expected to produce any appreciable effect upon 
a whirlwind sweeping along at the rate of forty 
miles an hour, and dropping its ice-bolts in its 
path ] Hence the paragr^le is no longer regarded 
with either confidence or hope by meteorological 
science, although it stUl has some advocates amongst 
sanguine enthusiasts. 


THE STARFISH AND ITS RELATIVES. 

By F. Jbffuey Beix, B.A., F.K.M.B,, 

qf Comiparabiv§ Anatomy in King's Collage, London 


A STARFISH (Fig, 1) is one of the most 
common objects of the sea-shore;’’ a speci- 
men is easily found, and, once found and examined, 
it will be seen to be, of all the creatures commonly 
known to us, one of the most remarkable. Unlike 
a crayfish or a frog, it has not its mouth placed 
near one end of the body, but in the centi^ of its 
lower surface. We cannot speak of its right side 
and its left, but only of the rays or ^‘anns” into 
which its central disc seems to be drawn out ; while 
there are, again, no organs developed in it which 
we can compare in stnicture eitbei’ to fins, or to our 
own arms and legs. 

When we look around among its immediate 
soological relations we see clearly enough that the 
very same points are to be made out in them. 
If, for example, we take a brittle-star (Ophiurid) 
we find five arms and a central disc. With the 
sea-eggs, or echini,* a little more care is ne^ed, 
tor in them there are no five outspreading rays, 
and the spines on the outer surface of the body are 

* Tbtst orsstam are often celled eea-nrohlns ; bat ** urchin” 
A aclx a modified form of the French for hedgohog (ourein). 


longer, and all the plates of the test or shell ” are 
firmer; yet we find five different sets of suckers, 
arranged in rows, which it is easy to oomparo 
with the suckers in the arms of the starfish 
itself. The further we get from this last, the more 
do its more esjiecial chai’acters* seem to disappeai* ; 
witness the sausagershaped sea -cucumber on the 
one hand, and the beautiful stalked sea-lily {Pen- 
tacrinus ) on the other. 

Notwithstanding all this diversity, these several 
forms may, by the leading points of their ana- 
tomical structure, be shown to be more closely allied 
to one another than to any other form now known 
to us. Let us take, step by step, the characters 
of the starfish, and so see what these anatomical 
points are. 

If we take for examination the common form 
of our own coasts (Fig. 1), we find that we have 
to do with a flattened creature of a somewhat 

t ParagrSle : from patter, to ward off, and grile, bail Ibc 
apparatuB is described and figured in Science for All,’' 
Vol L, p. 209. 

I Fig. 1, p. 163; Fig. 3, p. 165; Fig. 5, p. 167. 
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orange-yellow colour, in whoea ekjn a number of 
calcareous bodies ai^e to be felt by the ^gcrs, 
and attached to some of which there is a number 


of short spiues, many of which are ari'anged 
in very regular rows. When we look at the 
under surface, which is very much whiter than 
the upper, we see that from tlie central mouth 
there spread out five grooves, in which there are 
placed a very large number of suckers, and these 
Bucket's are, with a little care, seen to be set in 
what appear to be cross rows of four. The arm 
gradflially diminishes in width on its way to the 
tip, where it is a little bent up, and provided with 
a special organ, which we shall soon find out to be 
an eye. The suckers are simple soft tubes, which 
pass out between the solid joints which go to make 
up the principal portion of the skeleton of the arm, 
and ai'e the chief means of progression. The ai> 
paratus by which this is effected is very curious 
and somewhat complicated, but it is to be regarded 
as a very complete piece of work, as the following 
account will show. 

The whole canal system, the " pipes” of which 
are known as the ** water vessels,” is connected 
together by a ring roimd the mouth, and this 
ring has its more special communication with the 
outer world by means of the so-called stone 
canal.” The tubes which pass out from the cir- 
cular vessel run down the groove of the arms and 


communicate with tW suckm'-feei aiid wi& it stnaOl 
swelling (Fig. 2, a), whidi is set at the base of 
each sucker ; these swellings are capalde of con* 
ti^tion, and they, by drivit^ out 
the water that has passed into 
them fiom the common connectmg- 
tube, are enabled to fill the suckers 
and so to bring them into a more 
firm condition. Just as each foot 
has its own special swelling (which 
is known technically as an aw- 
2 nill(i)y so, too, there are special 
swellings in the central portion of 
the water-system. These are set 
between each radiating canal, and 
are named Pollan veaichsy in honour 
of the Italian naturalist, Poli ; 
like the more special ampullie, 
they are j>rovidecl with muscles in 
their walls, and their contraction, 
aided by the delicate processes 
which line the walls of the canal 
tubes, is sufiicient to drive the sear 
'Water along the canals and so into 
the feet. 

Whence comes this sea- water? 
The answer should rise to the lips of 
every reader who has noted the statement already 
made as to the communication of the water-vessel 
system with the outer world by means of the stone 
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Tig. 8. -Dkgnm of the Weter-veM^ Sjetem of the SteHUh. 
(4/tir Ludwig.) 

a, AnpoUe; ASookeri w, Wety o t ^ ; 6v,ltood’TaM6l; i, iBtentiie} 

canal A careful inspection of Fig. 3 might lead 
to the same answer, for it is shown in that figure 
that there is at the upper pole of the body m ellipse- 
shafted plate, which is dotted over with minute porea 
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(f^). Tliii ** modified** {date is the stone canal, 
afid as it lies on the outer (and up^ier) surface of 
tlie body, its pores are fe^ly open for the en- 
trance of the sea-^ater. We shall explain latei* 
on the history of this cuiious arrangement, and 
will now only say that there ai*e deposited in its 
walls, just as there are deposited in several por- 
tions of the starfishes body, a number of small, 

. hard bodies, which are, like the skeleton and spines 
of whicii we have already spoken, principally made 
up of carbonate of lime. 

The sucker-feet and their connecting canals are 
not, however, all that is to be found in the gi-oove 
of the arm (Pig. 4). If we carefully separate the 
suckers on one side from those of the othei-,we shall 
find that thei*e is a delicate band running over the 
water-canal, and wo shall, on dissection, find that 
this band may be traced into a circular ring of 
whitish substance, which, like the canal-system, 
runs round the whole of the disc, and connects 
with one another the double series of cords (for 
double they really are) which belong to each arm. 
This is the nervous system of the starfisji, and there 
are lessons to be learnt from it which have a very 
wide and general bearing. On a pi*evious occa- 
sion ♦ we quoted a saying, “Touch is the mother 
oi all the senses.” Now the real meaning of this 
aphorism lies in the following facts. At a very 
early period in its history nearly every animal 
oonsista of two layers ; from the outer one, which is 
technically known as the “ epiblast,” swellings are 
developed, which gradually take a deeper |K)sition 
in the body, and go to form the chief part of 
the nervous system. Without a knowledge of the 
history of the chick, for example, it would hardly 
ever be imagined that the greater |iart of the 
^spinal cord” of the fowl had arisen from the 
same layer of cells as that which had given rise to 
the outer skin. Such, however, is the fact, and 
the importance of a knowledge of the arrangements 
of the nervous system in the starfish is due to the 
close connection which still obtains in this form 
between the investing skin and the underlying 
nervous cords. In other animals similar relations 
are to be found, and while we cannot and must 
not deny that it is to the study of development 
that we owe our knowledge of the origin of the 
nervous systein, we may very properly dmw atten- 
tion to the support which is afforded to its teach- 
ings by the observations of comparative anatomists. 
And here, again, we have another example of the 
on which the great philosopher and naturalist 
• “ficisaos for All,” Vol n., p. 3W. 
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insisted when, in words that have been thus trans- 
lated, he taught us tliat — 

forma have a ruaomblance, none ia the aamo aa 
another; 

And their chorus complete points to a mystical law.”t 
While ai>plymg this teaching to practice, we may 
say that he who would fully understand the struc- 
ture arid relations of animals must always look 
upon the study of developing and of developed 
forms as the two sides from which it is necessary 
to cai’efully examine every living creature. 

We have not yet, however, done wilJi all the organs 
of the body which make their way into the arms. 
(Pig. 4.) The digestive tract sends up a long, dark, 
much-sacked tul>e on either side, and at the base we 
find a duct which leads from glands of not so gi'eat 
a length in which we find the sperm, or the eggs, 
developed. Befoi’e passing to the digestive system, 
let us say just a woid as to that 6{>ecial organ at 
the tip of the arm which we have already asserted 
to be an eye. This tip is generally bent up, thanks 
to a inusclo which runs along the back of the arm 
under the skin, and it is thus more completely 
exposed to the light ; it is provided with about a 
hundred spots, more or less distinctly coloured red 
by pigment, and surrounded by cells which are rod- 
8hai)6d, and enclose among them a tmnsparent body. 
The whole ari'angement is placed on a swelling of 
the nerve cord, and nerve fibres liave been observed 
to pass to it. I 

There are no special hard structnres in the way 
of teeth in the starfish itself, and the opening of 
the mouth is pretty wide. The end of the intestine 
opens on the other side of the disc, not far from 
the centre of it, by a small and inconspicuous 
oiifice. The tract is very simple, and the only 
point of importance which we need note with 
regard to it is the out-pushing of its parts into 
the several arms. 

Coming now to the hal'd pai'ts which make up the 
skeleton, we have to commence by dmwing attention 
to one or two imi)ortant considerationa It is obvious 

t “AUe G«stalten Bind fihnlioh, nnd Koine gleiohetder laidem, 
Und BO deutot der Chor auf ein geheimeB Qea/dtz,**—Oo€th€» 

X The genial and accomplished Edward EorbeB gives an 
aooonnt of his adventures with a peculiarly fragile starfish 
{IrtiidUit so named in honour of Edward Ihywd), which we 
cannot refrain from quolhig : — “ Whether the cold sir was too 
much for him, or the sight of the bucket too terrific, 1 know 
not ; but, in a moment, he proceeded to dissolve his ootpom- 
tion, and at every mesh of the dredge his fragments were seen 
escaping. In despair, I grasped at the largest, and brought up 
the extremity of an arm with its terminating eye, the spinous 
eyelid of which opened and closed with something exceedingly 
like a wink of derision.*'— Forbes, “ British Starfishes,” p. 
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ttiat that pari of the bodj which ie connected with 
the suckers may be sharply marked off from the 
parts that have no direct ration- with these tubes. 
This matter is not very easily made out in the star- 
fidk, but is exceedingly well marked in its close 
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soological relation, the sea-urchin; and we will, there- 
fore, anticipate matters a little by describing the 
shell, or, more properly speaking, the iesty of this 
animal (Fig. 3). Examining this carefully, and taking 
no note for the moment of the plates at the ]:K)le oppo^ 
site to the mouth, but looking only at the series of 
plates which are in relation with the general surface 
of the body and go to form its corona,” we see that 
it is divisible into five similar regions, that each of 
those regions consists of four rows of plates, and that 
of these rows one pair is perforated by a number of 
small pores, while the plates of the other^ row are 
larger (though that is a matter of no impoi*tance) 
and are not perforated at all. The former series 
or rows of perforated plates are known to zoologists 
as the. ambulacra! plates,” while the othera ai«, 
from their position, known as interambulacral 
plates” — that is, plates which are unperforated, 
and between the rbws of those pierced by the 
suckers. So much is clear and easy ; and we can 
now see, by an examination of Fig, 3, that on 
either side of the groove in which the suckers are 
placed there is a single plate which carries no 
spines, and that on either side of Uiis there are 
several plates which do cany spines. When we 
look more clo^ly, we find that those^ plates which 
do not bear spines have very much the 
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ndation to the suckers as have iim ambufaMi^ plldi^s 
of the sea-urchin, and that they <mly diffm^ from 
them in the fact that the suckers pass out batwaan 
them instead of passing through them. Similarly^ 
the spine-bearing plates are those of the unperfo- 
rated series; and wo have, therefore, in making 
any exact examination of the skeleton of the star- 
fish, to distinguish between the perforated and the 
unperforaied platea The spines on these plates 
are never very long in the starfish, and it is needr 
less for us to say very much as to their atrticture. 
The most remarkable point alK>ut them is the fact 
that some of them, instead of growing into more or 
less solid rods of carbonate of lime, become divided 
at their extremity, and thus form the two or three 
snapping processes which are hinged on to the 
end of the modified spine, and are to be seen in 
active movement in a living starfish, twisting 
about, and, by the aid of muscles, seizing ii|X)n 
whatever is minute enough to come in their way. 
These bodies were long ago observed, and were 
for a considerable time thought to be independent 
animals living as pamsites upon the surface of 
the creature ; and it was for this reason that 
they had applied to them the not very elegant 
term of pedicellaria. This name they still retain. 
Small and comparatively inconspicuous as the 
spines are in the starfish, they are often of great 
size in the sea-urchins, end form, it may be, club- 
like or cigar-like spines, sometimes elegantly banded, 
or, as in the “ Piper,” they may be more delicate 
though still strong, and may well be compared to 
stilts, in length very much surpassing the longest 
diameter of the body. 

Of the systems of organs, it now only remains 
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to speak of the aiTangements by which food is 
carried to different parts of the body^-— the blood- 
vessel lystem, and of thosd^by which tiie process of 
breathing is effected. With regard to these, we have 
not, however, much to say. As to the former, we 
do not know so much as it is to be hoped we shall 
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•ooki ftom tha acitiivi^y and opportuniUea at 
aaidiomoal invei<jgatonk As to tha latter, the 
acrsiigeinetits are most delightfully simple. We 
can easily imagine that when a creature is very 
smallf and has a very thin body wall, the fresh 
oxygen which it requires may be gained for it by 
mere exchange through this body wall, and, when 
we find such a process, we say of the creature that 
^‘ita respiration is vague.’^ Well, the starfish has 
adopted a method of respiration which is hardly 
anything of an advance upon this. Owing to the 
fact that it has not a continuous skeletal covering, 
as has the sea-urchin, there are left in its body 
wall a number of thinner spaces interspersed in 
the calcareous network, and through these the 
creature protrudes a (K>rtion of the lining wall of 
its body cavity, which is thin and membranoua 
In the body cavity there is a quantity of fluid 
which is driven about by the delicate processes, or 
cilia, developed in its lining wall, and the fluid is 
thus brought into very close relation with the sea- 
water in which the starfish lives. It is probable, 
too, that tlie fresh sea-water which comes in by 
the stone-canal is in some way able to pass into 
the body cavity, and so to mix with the nourishing 
fluid there contained. From this fresh sea-water, 
whether thus introduced or that surrouuding the 
animal, the nutrient fluid gets what is a most 
important part of the nourishment of every living 
organifim — a fresh suj)ply of oxygen. 

Of the blood-vessel system, we may say at once 
that there is considerable difficulty in finding 
a true heart or contracting oigan which will drive 
the blood through the body. As to the rest, a blood- 
vessel appears to run along each arm (Fig. 2, 6u), 
in company with the nerve-coixl, whose course we 
have already descxibed. Just as the nerve cords 
and the canals or “pipes” of the water- vessel 
i^stem are connected with each other by a cir- 
cnlai* piece which runs around the disc, so, too, is 
there a circular blood-vessel running round the 
mouth. There are other vessels also, which we 
need not describe ; but we shall, before we have 
done, see what is the possible meaning of this 
circular blood-vessel surrounding the starfish’s 
mouth. 

We have now made out the leading characters 
of the anatomy of a starfish, and we liave seen 
enough, at any rate, to show us that in some 
important points this creature and its allies difler 
very mark^ly all other forms. Hencefor- 
ward we shall be disposed, first of all, to agree 
with those ^^ogists-— and in this point the 
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2 Boologists are nearly agreed among themsolvea — 
who seimrate off the group to which the object of 
our study belongs from all other animala To this 
group there has been applied the name of Echino- 
dermata, from the characters of their integument 
(scAtnos, a spine ; derma, skin). 

The illustrious Cuvier was struck by the fact that 
the group did not exhibit an ^ual development of 
right and left sidesr-that, in fine, the Echinoder- 
mata were not two-^idedly symmetrical He saw that 
in their adult condition — and the earlier or larval 
stages were not known to him — ^the i)art8 of the body 
were equally disposed along rays or radiating lines 
— that, in fact, they were radiaUy symmetrical; 
and he proposed therefore to associate them, under 
the great heail of the RadicUa, with such animals 
as the sea-auemone and the coral-making animals, 
which, with the sea-jellies, also exhibit a rayed 
symmetry. For a long time this division of the 
animal kingdom was regarded by naturalists as a 
natural and just one, and it was not till the year 
1848 that it was successfully attacked ; earlier 
than this, indeed, a small portion of the group 
had been cut off from it, and associated with 
another great division ; but it was not till the two 
German naturalists Frey and Leuckart demon* 
strated that the sea-jellies, corals, and so on, 
differed from the rest of the Radiata by the 
characters of their digestive tract, that the death- 
blow was really given to this classification. At the 
same time, these naturalists insisted on the fact 
that the Echinodermata had their closest alliance 
with some of the wonns, in which, as we may note, 
two-sided symmetry is very eWdent 

We have, then, two views as to the relationships 
of the starfishes : one, still held by some American 
naturalists, is that the starfishes are really allies 
of the sea jellies, sea-anemones, corals, ; the 
other, which is held by the majority of naturalists, 
is that their closest affuiities are with the worms 
As we shall shortly see, there ai’e two lines of 
argument by which this may be suppoi’ted : the 
one is the striking resemblance that there is 
between some worms and some of the sausage- 
shaped sea-cucumbers ; and the other is the remark- 
able course of development through which the 
young starfish passes. In a larval stage it swims 
about freely, and exhibits a completely marked 
two-sided symmetry. 

That we may, however, have the whole case 
before us, it remains still to mention a third 
view as to the history and origin of these in- 
teresting and difficult forma It has been put 
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forward hy the eminent naturalist who is now 
keeping in high honour lunong anatomists the 
name of the little German town of Jena» Pro- 
fessor Haeckel holds that the starfish is really a 
colony of several worm-like creatures, which have 
joined themselves together by a common mbuth 
and disc. This view of the “colonial” character 
of the echinoderm is, with his accustomed vigour, 
stated by the German naturalist to be the solo 
theory which attempts “ the genetic explanation of 
this remarkable group of animals.” It is impos- 
sible to deny that there is much in the Btructui*e 
of the arm of a common starfish which, supports 
the view of Professor Haeckel, and we ha\'e our- 
selves been already able to see how the different 
organs of the animal all find their representatives 
in each one of the arms. There aw, of course, a 
number of difficulties which still stand in the way, 
and we are rather directing attention to it for the 
purpose of illiistiating how even in the details,, dry 
ns they must often seem, of the facts of anatomical 
structure, it is possible to educe, by the aid of a 
skilfully cultivated imagination, explanations which, 
even if they do not explain all that seems to need 
explaining, do yet throw on the facts themselves a 
bright and instnictive light. *By some conservative 
zoologists such views are held to be wild in the 
extreme, and the “ laudator temporis acti ” laments 
the cruel fate that causes him to live in a time of 
speculation. Even hew, however, we find true the 
words of the wise man of old, that there is no new 
thing under the sun ; and it may be of interest to 
recall to the memory of the objectors that, so 
long ago as the year 1837 tlie French naturalist 
tluvemoy spoke of the starfishes as “ serpents with 
many bodies, but one mouth.” 

It is now necessary to sketch briefly those series 
of changes during which the two-sidedly symmetrical 
larva is converted into the five-rayed starfish ; for 
this purpose, however, it is necessary that we 
should commence with an account of a somewhat 
simpler history than that which must be given of 
the type we have chosen. Let us begin, thewfore, 
with one of the sea-cucumbers, or holothurians — 
those curious sausage-shaped creatures which it is 
not always easy to distinguish from some worms. 
When the egg of these creatures has passed through 
a series of changes which are, on the whole, common 
to it and all other eggs, it appears as a somewhat 
elongated or oval body, which is at first richly 
pro^ddod with those delicate processes which are 
ot*diuarily known as cilia or lashes,^ These dlia 
become confined to a special band', and the larva is 



seen to be provided with a “ digestive tr^ Oh 
the front region of the upper part Of the body ^ 
tui^ is formed by the spe^ growth or celht iti 
that region; this tube grows downwards and iii^ 
waids until it comes in contact with the diges- 
tive tiact just mentioned. Coming near it though 
it does, it does not open into it, b^it curves round 
it, and then divides into three portions. Of these 
three parts, two have quite a different history from 
the third; they sepa- 
mte from it and from 
one another, and come 
to lie on either side 
of tlie digestive cavity. 

As they grow they be- 
come connected with it 
and with the body wall, 
and during their growth 
there is gradually 
formed in the middle 
of each mass of cells a 
cavity ; it is this cavity 
which fomiB the space 
which we learn to 
regaid in the adult 
stai'fish as the body 
cavity* The inner end 
of the thii’d tube, or 
that which is nearest 
the digestive tract, grows out into five swel- 
lings, and these five swellings each form one 
of the five divisions of the water-vessel system. 
The tube by which these enlaigements are con- 
nected with the body wall still remains, and it is 
now pretty easy to see that it is this tube which 
forms the stone-canal in the starfish. To put things 
on an exact footing, we may add that in the “ sea- 
cucnraber” (Fig. 5), whose histoiy we have been de- 
scribing, the stone-oanaJ becomes in time separated 
from the body wall, aud hangs freely in the some- 
what pretty spacious body cavity. In the starfish, 
however, and in the searurobin, the connection 
persists throughout life. As these tubes grow but, 
and the body cavity and its lining walls become 
definitely fashioned, the sea-cucumber takes on the 
definite form of the' adult, and no jiart of the larva 
is cast away. ' 

In the oidinary history of the starfish, a large 
part of the body of the larva never comes to 
take any share at all in the formation of the 
oigans of the adult, and, as this comidicatea 
matters a little, we have preferred to start with 
an easier case. We have, however, learnt^ or at 


Fig. 5.—** BM-Caomnber " X>eva • 
lopiag. 

m, Month; if,V6iit; a.Orl 

Ooe of iB-growiatf fnbo. 


THE SXA^flSH AND ITS KEDATIVES. 305 

m 80 modi about tfao staHMi itself, one which Sir Walter Scott refers to in a familiar 
^at it is nece^iy ibr us to give a little atten- passage in ^^Marmion/’ ii. 16. 
tion to its Oariier stages. Here we do not find In the adult stage this feathe^star cannot be said 
any tiiiokeniiig of the outer body wall growing to be very like “St. Outhbort’s beads,” for it has 
down as a tube, but instead of that there is given not the jointed stalk of its ancient allies, some of 
off on either side of the stomach an enlaigement, which are still found 
winch gradually grows out and, goes chiefly to form living here and 
the two walls of the body cavity. One of the out- there on the world’s 
growths becomes also connected with the outer surface; but it is 
surfime of the body, and the connecting tube is, as very striking to 
we might sup|) 0 se, the future stone-canal. The note that, during 
processes grow and grow, and finally surround jmrt development, this 
of the intestines. It is not, however, the more feathernatar of our 
anteiior portion that they surround, and so it own seas does pass 
happens that the anterior part becomes cut off and through a stage in 
gradually lost, while a new mouth is developed which a stalk is 
between these two processes, which, besides attached to the 
forming the body wall, do, of course, give rise to round, disc-like body 
the water-vascular canals and the ambulacral feet, of the young, on 
With the old mouth and gullet, other parts of the the side which is 
original larva also disappear, and so it happens opposite to that 
that in the starfish it is not all, but only a part, of which carries the 
tlie laiva wliich passes into the substance of the mouth (Fig. 6). The 
^^dult. illustrations here 

On this occasion, we have no space to go into the given will snffi- 
various forms which the free-swimming larva may ciently well show 
take on, for these are very various, and appear in the veiy striking resemblance between the young 
many cases to be very complicated. In the sea- of the form which ceases to be stalked when it 
urchins and in the brittle-stars, the sides of tlie reaches maturity and the form which retains its 
body become drawn out into long processes, and the stalk throughout life. 

whole creature becomes alisurdly like a painter’s We hare now seen that the “ radial symmetry ” 
easel, for the arms are supported by rods of car- of the staifish is something which is, as it were, 
bouate of lime which are developed in them. It is, secondary. A study of its development gives no 
however, necessary to say a very few words as to support at all to the doctiine that the starfish is a 
the larval form of the Bosy Feather-star (Coma- mdiate animal like the sea-jelly, and though we find 
eula\ because it displays in an especially remark- in it some supeificial resemblances, we have here 
able way the intimate relation which subsists only an illustration of the wonderful effect which 
between the development of an individual in the community of habit or of home has on the most 
present and of a race in the post This Oomatula diversely arranged organisms ; and, while we are 
is one of the last survivors of a group which in the taught to admire the strictness to ancestral arrange 
earlier ages of the world was abundantly well ments which is exhibited by every gitiup of animals, 
represented by a number of the stidked Lily Encri- we learn at the same time that, underlying them all, 
nites. In some rocks these encrinites are exceed- there is some general disposition which compels them 
ingly ^common, and poetiy and peasant lore have to fight their battle for existence with very much 
woven arotmd them some strange tales, such as that the same weapons and in very much the same way. 
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SALIVA. 

By E W. YON TtKxsiXANK) M.B. 


r is a matter of familiar observatioii to every one 
that under ordinary conditions of healih the 
interior of the mouth is moistened by a peculiar 
fluid exuded within that cavity. It is also an 
equally familiar fact that when the system is dis- 
ordered by any cause, and more especially when 
it is fevered, the “ mouth is dry ” — or, in other 
words, the moisture is deflcient Finally, pro- 
verbial philosophy has embalmed the physiological 
truism that when the appetite is stimulided by the 
sight, smell, or thought of some particular dainty, 
“ the mouth waters ” — that is, the moisture which 
is to be the theme of this article is exuded in 
greater quantities than ordinary. What, then, is 
this moisture, which it is needless to say we know 
as saliva, or spittle 1 

Saliva is especially poured out in abundance 
during mastication. Accordingly, in order fully to 
understand its use, and to appreciate its imjiortance 
as a factor in the process of digestion, we must enter 
on some preliminary dis^ssion of its composition, 
its properties, and the causes of its seci*etion. 

^ere are three pairs of glands concerned in the 
production of saliva: one, the parotid glands lies 
on tiie side of tlie face, in fix>nt of and below the 
ear; another, the auhmaxillary glands is placed 
beneath and somewhat under cover of the hinder 
|)art of the lower jaw; a third, the mblingual 
glands lies in the floor of the mouth, between the 
tongue and the gums of the lower jaw. Of these 
three the parotid is the largest: it sometimes 
becomes swollen and inflamed, produdtng the 

affection knovm 
as ** mumps ; " 
the sublingual 
is much the 
smallest of the 
three. They all 
have a similar 
structure, and 
belong to that 
claM of glands 
known as the 

compound racemose,*’ or much branched. The 
two larger glands have each a single duct opening 
into the mouth, which, when traced backwards, is 
found to branch frequently ; the larger ducts are 
formed externally by flbrous tissue, and are lined by 
long nucleated or ^'centre-dotted” celts, which rest 



on a thin membrane ; the final divisions of the ^et 
end in dilatations, called the waUs of vrhi^ 

are formed of a tMn transparent membrane, lined by 
large granular cells, with nuclei Fig. 1 represent 
the termination of a duct in an alveolus; Fig. 
represents a duct out aciY>8s and several alveoli, and 
shows well the large 
granular cells, which 
nearly fill the cavities 
of the alveoli, as 
well as the long cells 
which line the duct 
The numerous alveoli 
and ducts are held 
together by connec- 
tive tissue, in which 
ramify numerous mi- 
nute blood-vessels and 
nerves; the arteries 
divide into a fine 
network, which is 
distributed on the alveoli and ducts, and supplies 
the salivary cells with the material for their 
secretion. 

Saliva taken from the mouth is frothy, 
owing to the presence of numerous air-bubbles 
which are entangled in it, but when drawn directly 
from Ihe duct of (e.y.) the submaxillary gland, it is 
a clear and somewhat viscid fiuid, with a idightly 
alkaline reaction. It is composed chiefly of water, 
with about five |)er cent, of solids, among which are 
common salt, albumen, mucus, d^*., and a small 
quantity of a material called ptgaUn^ which has a 
peculiar action upon starch. It belongs to the 
class of bodies called " unformed ferments,” sub- 
stances which have the property of causing ohemicai 
decomposition in other chemical substances without 
themselves undergoing any change ; that is to say^ 
the energy which they evoke does not come from 
themselves. They are to be distinguished ^froin 
another class of ferments called " formed ferments,” 
which are low organisms which cause in any 
medium in which they flourish chemical decomposi- 
tions, which are concomitant with and probably the 
result of their own vital changes, growth, and re- 
production; the unfomed ferment exerts its peculiar 
influence without either increasing or deoreiMiiig in 
quantity. It is to the ptyalin which it contains that 
i^va owes its most characteristic propl^^ 
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<)>f o(mTertia0 iirtairoh into s^gar^ and to which 
. ita ftttte in digestion is largely due. The following 
eagperinmts will serve to illustrate this property of 
saliira* 

L Dissolve some starch in hot water, cool the 
sedation, and pour some of it into two test-tubes ; 
to one of the test-tubes add some saliva, then put 
them both into a water-bath at about SS "* C. (95'* 
Fahr.), and leave them in it for about half an hour. 
Then add to each of them a drop or two of a 
solution of sulphate of copper, and then a few 
drops of caustic potash; in the test-tube which 
cemtains starch without saliva a blue substance, or 

precipitate,*^ will be thrown down, which turns 
black when boiled. This is the ordinary reaction 
of a salt of copper with caustic iK)tash, with which 
the starch does not interfere. In the test-tube to 
which saliva was added a blue precipitate will 
also appear, but it will dissolve when more caustic 
potash is added, forming a deep blue solution; 
when this is boiled a copious red precipitate is 
formed. This is a characteristic test for sugar, and 
proves that some of the starch has been converted 
into sugar by tlie action of the saliva. 

2. To some solution of starch add a single drop 
of a solution of iodide of potassium containing 
iodine ; a deep blue colour will appear : this is a 
charaoteristiq^^^ test for starch. Take a small bag 
made of bladder, or some such animal membrane, 
pour into it a little diluted starch solution and 
some saliva, and put the bladder into a large 
beaker filled with distilled water, then place the 
whole in a warm chamber, at about 35” or 37” C. 
(the temperature of the body), and leave it for 
some hours. Then, on testing the contents of the 
bladder for starch, as above, no blue colour, or 
only a slight coloration, will appear, showing 
that all or nearly all the starch has undergone 
conversion. If the water contained in the beaker 
be then tested for sugar, as in Experiment 1, its 
presence will be readily detected. From these 
two experiments we learn that p^alin is most 
active at the temperature of the body ; it is inactive 
at 0" C., and is desttoyed by boiling. The con- 
versioa of starch into sugar goes on ail the time 
that the food is being masticated, and probably 
for a little time after it is swallowed ; but as it 
cannot go on in an acid liquid, it is soon stopped 
by the acidity of the contents of the stomach. 
]^w starch resists to a great extent the influence 
of ptydin, and the granules must be broken up 
by oookmg in order that the conversion into sugar 
shaQ go (m to any appreciable extent From these 


facts we may arrive at two conclusions of practical 
impoiiance : — (a.) that farinaceous food should bo 
cooked in order to make it digestible; and (5.) 
that the food should be thoroughly masticated and 
not swallowed too rapidly, so as to allow the saliva 
time to exert its ferment action on the starch. 
The importance of this conversion of starch into 
sugar is evident from the fact that sugar passes 
readily by diffusion from the alimentary tube into 
the blood, just as it passed from the bladder into 
the water in the second experiment above, and so 
serves to nourish the body ; whereas starch is quite 
unable to diffuse into the blood, so that if from 
any disease the conversion into sugar is stopped, 
the starch which is eaten passes out unchanged in 
the excreta, and is wasted, while the body suffers 
for want of the sugar. 

As we have said, the conversion of starch into 
sugar ceases in the stomach ; but when the food 
has jmssed from the stomach into the small intes- 
tine it re-commonces, and is carried on to a much 
greater extent than in the mouth, under the 
infltience of a ferment which is contained in the 
secretion of a gland — the |)ancreas, or sweetbread— 
which resembles a salivary gland in structure ; the 
pancreatic secretion has, however, other functions 
besides the one which we have mentioned, and so 
differs from saliva. 

A similar conversion of stai'ch into sugar is 
observed in plants — e.y., starch is deposited in 
seeds as nutriment for the use of the young plant, 
and as it is insoluble in cold water there is no 
danger of its being dissolved out by rain, <fec., 
before it is required. When the seed begins to 
germinate a ferment, called dia8ta$e^ resembling 
ptyalin in its pixjperties, is developed, which con- 
verts the insoluble starch into soluble sugar, and 
renders the stored-up nutriment available for the 
use of the young plant. This is what takes place 
in malting; as soon as the greater part of the 
starch of the barley has been converted into sugar 
by the diastase, the young plants are killed by 
heat, and thus the brewer obtains cheaply a large 
quantity of sugar, which he converts by fermen- 
tation into the alcohol which is present in beer. 

Another use of saliva is evidently to assist in de- 
glutition. Tlie watery and mucus-contaimng fluid 
converts the often hard and dry food into a semi- 
fluid mass, which easily slips down the gullet with- 
out abrading the soft sudaces over which it has 
to pass. In some animals — ap., the hors^ cow, 
and other herbivora — ^this is its chief function, and 
in the dog also the saliva has very little aotion 
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on Btan^ Ei^entlf the power of oonverdng 
starch into mgar is not der^doped in the salira 
of the dog and other oamiroroos animals, because 
tbc(y do not consume much farbaoeous food, nor 
in the saliva of herbivore, because they eat their 
food raw, and, as we have seen, ptyaJin has veiy 
little action on raw starch. Saliva is also of Tise 
in bmng adjuvant to the sense of taste ; the termi- 
nations of tlie nerve of taste can be affected only 
by substwjoes in solution. This is why solid sub- 
stances which ore not soluble in saliva appear 
tasteless; whereas common salt and sugar and 
similar substances, which are very soluble, are very 
readily tasted. 

Another question now arises : How is it tliat 
saliva is secreted in quantity only when it is 
required to assist in the digestion and deglutition 
of food, and not continnously ? The answer is that 
the lunount and rate of secretion are regulated by the 
nervous system, in accordance with the needs of 
the body, by means of the following mechanism, 
which, though ali'eady touched upon in another 
jsiper,* may be briefly explained so far us it affects 
our subject. The anterior two-thirds of the suiface 
of the tongue is supplied by the lingual nerve, 
which endows the tongue with its delicate sense of 
touch ; the posterior tliird is supplied by the glosso- 
pharyngeal nerve, which supplies the tongue with 
its sense of taste : i)Oth these nerves convey impres- 
sions from sentient surfaces to the brain, and so are 
called afferent nerves.t The submaxillary gland, 
to which for the sake of simplicity we will confine 
our attention, is supplied by the chorda tympani 
nerve, a branch of the facial ; this nerve conveys 
impulses from, the brain, and so is called an efferent 
nerve. When one or both of the afferent nerves is 
stimulated, impulses pass along them to the braiu, 
where they are, as it were, reflected down the 
efferent nerve to the gland, caumng it to pour out 
its secretion into the mouth. The diagram (Fig. 3) 
will help to make this clear. If the afferent nerves 
le cut or injured, stipiulation of the surface of the 
tongue can no longer cause a flow of saliva, because 

* “Soienoe for All." Vol HI., p. 108. 

t Bdenoe for All,” VoL L, p. 176. 



SO impresttoiui fssai titen rea^ the bMds fihiwi: 
tongue. Similar^, if the eflbmt pwe W 
Btamulation of the tongue produoee noeffii^ heoapee 
impulses catpaot reach tite gland. 1%na 
secretion of saliva is seen to be what physiclogiita 
call a r^fieK aeAon, 
and, like reflex ac- 
tions generally, it 
can and does take 
place entirely in- 
dependently of oon- 
sciousnesn; it can 
even be produced 
in a decapitated 
animal, immediately 
after death. 

The usnal stimu- 
lus of the surface of 
the tongue is the 
food, but 'anything 
which acts as a sti- 
mulus will cause a 
flow of saliva ; this 
explains the well- 
known fact that the dry and parched condition of 
the mouth which causes such discomfort to a person 
suffering from thirst can be relieved by sucking a 
])ebblc, a bullet, or some such hard object A flow 
of saliva is often caused indeiiendently of any 
impressions reaching the brain along the afferent 
nerves by impulses originating spontaneously 
in the brain itself, and descending the efferent 
nerve to the gland ; such spontaneous impulses are 
due to emotions, the thought or sight of food, 
ikc., and they cause the well-known phenomenon 
of ‘‘ watering of the mouth.” Sometimes the nerve 
of smell or the nerve which goes to the stomach 
may act as an afferent nerve in the reflex action of 
secreting saliva, as when a savoury smell or a feeling 
of sickness causes a flow of saliva. 

We have thus seen that saliva (I) is of use in 
swallowing, (2) converts starch into sugar, and (3) 
assists the sense of taste, and (4) that its 
secretion is governed by a “reflex nervous* 
mechanism, over which the will has no ocrntrol 


(tt) Afferent Nerveii ; wi Efferent Kerr* : > 
iVrebrutn : ie«) Oert beilnm : («c) 

Oordi (({r)TooguO| (pOUhuid. 
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BEKDINO A BOW. 
BENDING A BOW. 

By WlLLXAK DtIBBAM, F.R.8.B. 


fpHB savage who first invented the “bow and 
i arrow” would certainly deserve a monument 
to his memory if his name could be known> for he 
was an undoubted benefactor of his species in 
applying and bringing to light a property of 
matter which has in no small degree tended to 
the advancement of civilisation. 

It is interesting to note in a museum the 
gradual development of some principle of nature 
in its application to the wants of man either in i)eac6 
or war. We see, for instance, the first simple 
bow and arrow gradually increased in power as a 
crosa-bow or arblast worked by madiinery, giving 
its possessor immense advantage in the struggle 
for existence with the lower animals, or with 
human enemies. These gradually give place to 
the more fatally effective muskets and rifles, 
culminating in the deadly breechloader or in the 
gigantic lOO-ton gun, with its diabolical powers of 
destruction. 

There may seem but little family i*esemblance 
between the first and the last of tlie series, and 
yet we shall find that the last is but the natural 
development of the first. 

Had it only been, however, in the art of war 
that the principle of the bow had been applied, 
tlie right of its original discoverer to apotheosis 
might with much justice be questioned ; but it is one 
cf the compensations of cmel war that it some- 
times furthei’s the development of the arts of peace 
in a manner no other stimulus could do, and the 
principle of the bow fii’st introduced in the chase 
and in bloody strife has had, periiaps, its gi'eatest 
triumphs in subduing inanimate nature to the use 
of man. There may seem at first sight but little 
connection between the flight of an arrow, the 
music of an opeiu, tlio propagation of light through 
space, and the driving of a steapi-engine ; but we 
hope to show that they have all a common parent- 
age, and depend on the same principle or pt'operty 
of matter. 

Let ufl consider, tlien, the action of the “ bow.” 
Whwi we pull the string the bow bends some- 
what, and when we release the string again the 
bow springs back to its original position and shape 
wi& considerable forca This is the apparent 
simple action; the wooden rod we call a l^w is 
bent from its original shape by force, and returns 
to Its original shape again on the force being with- 


drawn. This property of the bow is called “ elas- 
ticity ; ” and because its action tends to restore the 
bent bow to its original straight form it is further 
distinguished as “ elasticity of form or shape.” 
Elasticity, then, means generally that property of 
matter in ririue of which it tenii to return to its 
original shape or form after having been deflected 
therefrom by forca 

There ai’e many well-known applications and 
examples of this elasticity in the arts and in 
nature. Thus a watch-spring is a thin strip of 
steel coiled up as a spiral, each little part of which 
may be considered a bent bow endeavouring to 
straighten itself, and its elastic force thus acting 
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Fif. 1 .- DiagniEitu niastrating the Action of Oarrlage*8prlng0. 

gives the necessary motive power to the machinery 
of the watch. Carriage-springs also act on the 
same principle, only in rather a difibreut manner. 
While a bow’s efficiency depends on its resistance 
to bending, carriage - springs depend on re- 
sistance to straightening. They are made origi- 
nally bent, as in Fig, 1, and the load tends to 
strengthen them by pressing inwards in the direc- 
tion of the arrows, and the elasticity of the steel 
acting against the load tends to preserve the 
original bent form. Many hard and apparently 
rigid bodies, such as glass, marble, and ivory, 
exhibit elasticity in this form ; thus, if we take balls 
of these substances, and let them fall on hard 
ground, we know they rebound from the ground, 
and rise in many cases nearly to the height from 
which they foil. The cause of this can be shown 
to be d\ie to an action somewhat similar to a 
carriage-spring; the point of collision is flattened 
somewhat with the force of the fall as in Fig. 2, 
where a B represents the flattened portion of the 
spherical body. 

The elasticity tends to restore this flattened 
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pQirtioii to it original form, and the moting npAxig 
repels tiie body upwards agaixL With a yielding 
gubetanoe, su<^ as india-rubber, we may observe 
directly this flattening, but with hard bodies we 

LO can only do so in- 
directly. By sprinkling 
the surface of the 
ground with some light 
powder before letting 
the boll fall, we can 
notice that the powder 
is removed, not at one 
point only (which would 
be the case if the ball 
did not yield in the 
least), but over some appreciable space. We can 
easily see the difference elasticity makes in the 
rebound by dropping side by side an ivory ball or 
a marble and a ball of lead, which has small 
elasticity ; the rebound of the fonner will be many 
times greater than that of the latter. It is this 
property that makes ivory balls so indispensable in 
such games as billiards, where much depends on the 
rebound of one ball from another. We owe many 
of our comforts also to elasticity. Thus, the com- 
fort of our sleeping hours largely depends on the 
elasticity of the springs, or of the horsehair or 
wool of which our mattresses are formed. We 
might multiply illustrations, but what we have 
pointed out will sufiice to show how widespread 
and useful this principle of the bent bow is. 

In considering more closely the simple action of 
the bow, as we have described it, we shall find 

that it is more 
complex than at 
first appears. 
Thus, suppose the 


taking a small branch with the bark on 
it as a bow. when the bark will be orumbled or 
crushed on the inside and stretched on liie outride 
When the bow, therefore, springs back to its 
original form "there will be an ex{)anding of the 
fibres of the wood on the inside imd a contracting 
of those on the outside It is loally, therefore, to 
this reristanoe of the fibres of the wood to erpanr 
sion and contraction that the power of the bow is 
due. Now this stretching oompressing of the 
fibres of the wood enlarges our field of inquiry, for 
we find many substances whose dasticity cannot 
very well be exhibited as a bow, but which can be 
readily seen on stretching or compressing. We 
have a very familiar illustration of this iii india- 
rubber, which we can strotoh to many times its 
original length, compress, bend, or twist in various 
ways without permanently altei^b^g its shape. 
Jellies also exhibit similar phenomefik in a very 
marked maimer, It is to be remarked, however, 
that, although we can stretch, twist, or bend these 
two substances with the greatest ease, it 
tremely difficult to compress them all round so as 
to make them occupy less s|)ace. 

The elasticity of metals is very well shown by 
their resistance to extension and their tendency to 
I'dturn or contract to their original length. Thus, 
if wires of different metals be suspended by one 
end and weights attached to the other end, they 
will be stretched in various degrees, and, if the 
weights be not too great, contract to their original 
lengths on the weights being removed. Investi- 
gations conducted in this manner have proved that 
all metals are jioBsessed of elasticity to some extent 
Iron and steel, for instance, will return to their 
original length after very considerable stretching, 
while lead, on the other hand, only exhibits this 


annexed Mg. 3 projierty within very narrow limits. There is yet 
to represent a another form in which elasticity may manifest 

part of the straight itself in cords and wires. If we fix firmly one end 

bow divided by of a wire or cord and twist the other end round as 

parallel perpendi- we would turn a screw, the wire, or cord on being 

cular lines at equal released will untwist itself again. This is called 

distances (x), it is “ the elasticity of torsion.^^ Now, if we firmly fix 

evident that when the bow is bent these lines will a wire or oord at both ends and draw, it by the 

be no longer parallel, but, so to speak, crushed middle of its length to one side, we can easily see 

tether on the concave or inside of the bow, while that we stretch it or make it longer, as in Kg, 4, 
they will be dinwn apart on the outside as in the so that when we release it again it returns to its 

annexed figure, like the stones in the arch of a original length by virtue of its elasticity contracting 

bridge (b). From this we conclude that when the it ; and, further, when we release such a ooir^ 

bow is bent the fibres of the wood must be com- wire, or a bent bow, none of them returns at once to 

pressed on the inside and stretched or expanded on its ot^inal position or form, but vibrates from one 

the outside. That this is so, we can e^y see by side to the other of that position for some time 
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mt, mudi tbe maimer of 
a pm(failvp)i fwingiag badcwards and foiimarda 
aa our moaioal atrJiiged instrumente depend 
w this vibrator j action of wirea for their efficiency, 

— — ^ we see that 

the same pro- 

perty of mat- 

ter 

gives to the 

arrow ita flight gives us the sweet music of the 
harp or the piano. 

In all the cases we have mentioned there is a 
limit bey<md which the elasticity does not act, and 
if that limit is exceeded the body either breaks or 
has its j^pe })ermanently altered. Thus, if we 
bend a bow too much it breaks, or if we stietch or 
twiat a wire too much it becomes permanently 
lengthened or twisted. The study of this limit is 
therefore of great importance in the application of 
metals and other substances in machinery, bridges, 
and other structures, because if this limit is ex- 
ceeded in the strain which th^ have to bear, 
serious consequences may ensue from their per- 
manent distortion. 

When we bend a bow or stretch india-rubber or 
wire we do not mcmarUy alter the bulk or volume 
of the substance, because when we lengthen its 
form in one direction we may shorten it in another ; 
thus, a stretched wire becomes of less section or 
thinner. This is well seen in india-rubber, where 
the contraction in breadth exactly compensates for 
the extension in length, and the volume remains 
almost exactly the same. In such cases we merely 
alter the shape or form. We may, however, by 
compression on every side — as, for instance, by 
squeezing or crushing a sponge in the hand — 
reduce the volume or bulk of a substance, and if 
the substance regains its oi'iginal volume on being 
released we call the elasticity exhibited elasticity 
of volume,” to distinguish it from elasticity of 
form^” which we have hitherto considered. There 
is really, however, no diflerence iq the principle of 
the two forms, and th^ are separated only for 
convenience of study. Solid bodies possess this 
elasticity of volume only to a very small extent. 
Thus wires, on being stretched, very often have 
their volumes permanently altered. Coins also 
have their volumes diminished by the process of 
stamping. Fluid bodies, on the otW band, possess 
this form of elasticity in a very marked degree, 
while they are devoid of the elasticity of form 
^tirely-^having no tm:)idency to maintain one 
form iiiQt» than another. Liquids such as water 
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possess elasticity of volume very perfectly, so for 
as experiments have gone, regaining exactly their 
original volume after compression. The pressure 
required, however, to alter the volume is very 
great indeed ; thus, in the case of water, a pressure 
of 2,000 atmospheres, or thirteen tons, to the square 
inch reduces its bulk by only ^^th part We 
caimot say, in the absence of experiment, whether 
any amount of pressure would {lermanently alter its 
volume, or if, in other words, there is any limit to 
its elasticity. 

The most perfectly elastic bodies, however, with 
which we are acquamte<l are the gases, so far as 
volume is concerned at least. We may compress 
them to any extent we please, with ohe limitation, 
to which we shall afterwards refer, and they will at 
once regain their original volume on the pressure 
being removed, and, further, as the bent bow, on 
being released from its constrained position, regains 
its original shape with considerable force, so gases, 
on expanding to their original volume, do so with 
a pressure or force depending on the extent to 
which they have been compressed. Thus, if a gas 
is reduced to half its bulk or volume, its pressure 
or tendency to burst outwards is doubled, and so 
on. From the large volume which gases ordinarily 
occupy, and the great range of their elasticity, they 
aie of the greatest service to man, for it is evident 
that, by a suitable amoimt of compression, we can 
store up, BO to speak, any amount of force, which 
can be liberated at once and made to do work 
in many ways. In the case of the bow, the limit 
of power is soon i^eached, because, although we 
may increase its power by inci'easing its dimen- 
sions, yet practically we cannot go beyond a 
certain extent, as it becomes cumbrous and un- 
wieldy; gases, on the other hand, can be com- 
pressed into the smallest bulk, and the smaller the 
bulk the greater the effect of the elasticity when tht^ 
are released from constraint. It was, tlien, a great, 
but at the same time a most natural advance when 
man passed from the use of the elasticity of solids 
to that of gases in his weapons of war. The 
advance would not have been so great bad man 
depended on his own mechanical power to compress 
the gases, because he would have required to have 
expended as much power in compressing the gases 
as he would have gained by tlieir elastic expansion, 
according to the well-known laws of the “ conser- 
vation of energy ; ” but he called to his aid two 
powers of nature, which greatly added to the value 
of elasticity. These powers ai^ chemical affinity 
and heat. Thus, in gun}>owd6r^ tlie molecular and 
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ebemiod forote of the oherooel^ 8 ulphur» ud niti^ 
hold in control the elastic forces ready to be dis- 
played the instant a spark is applied. They act in 
a manner analogous to the cat^ whidi holds the 
cord of the cross-bow^ keeping the bow bent^ but 
which c^n be instantly released, when its elasticity 
is free to do its work The heat also developed 
when the gunpowder is fired adds immensely to 
the elastic force of the gases generated. Thus we 
see that the modem weapons of war depend on the 
same property of matter as the ancient and simple 
bow. 

The fact that we have mentioned, viz., that heat 
adds immensely to the elastic force of gases, widens 
the sphere of its application. Thus the vapour of 
water or steam, which difiers but little in its nature 
from a true gas, has its elasticity greatly increased 
by the action of heat, and when at high tempera- 
ture possesses enormous expansive force; and by 
the mechanical arrangements of the steam engine 
this force is utilised in driving pur machineiy 
or propelling our locomotives and ships. Tims we 
see that this all-pervading elasticity is of immense 
service to man in every department of his activity. 
By its means he fights his battles or weaves his 
cotton ; by its means, also, he keeps note of time, 
and adds to the comfort of his mpoae. In a word, 
it is a universal servant ministering to his wants or 
pleasures at every turn ; and, as we shall presently 
see, unlocking to the diligent inquirer many of the 
secrets of nature. 

Having considered the property of elasticity so 
far as it is made manifest to our senses, we must 
now endeavour to uuderstimd the causes of this 
I'emarkable power, and to do so we must exercise 
our mental vision somewhat, as we shall here have 
to do with facts which are not, and probably never 
wiD be, visible to tlie physical eye. Let us consider 
first, then, what is the meaning of the fact that we 
can compress bodies of any kind — say a gas, for 
simplicity of illustration — into smaller bulk. If we 
reduce gay a foot of gas to the dimensions of only 
six inches, what does it show ? From the constitu- 
tion of our minds we are compelled to believe that 
the twelve inches the gas originally occupied were 
not entirely filled with gas ; there must have been 
empty spaces, or at least pores, in the gas ; and the 
reason why we could reduce the bulk or volume of 
the gas was, that we reduced the size of the 
empty space, by pressing the particles of gas close 
together---just as when we press a sponge on eveiy 
side we reduce its size by reducing the size 
the pores with which it is filled. Noi^ this apfdies 


equally to may body^ wheth^ 
gaseous. Wherever vre can ccHUfKress 
into smaller bulk it must be beetmoe 
not continuous, but has empty iqiaces to a greater 
or less extent^^-dnvisible, it may be, even to our most 
powerful instruments, but still there. On no other 
condition can we conceive of compression being 
possible. From such, considerations it is concluded 
that all substances are made up of almost infinitely 
small particles or atoms, and upon the doseness of 
these atoms mainly depends whether the substance 
assumes the gaseous, liquid, or solid form. Now we 
know that os a rule heat expands solids, liquids, and 
gases, causing the former state to pass into the 
latter if applied with sufficient intensity; or in 
other words, it causes the ultimate atoms to separate 
from one another and leave more and more space 
between them. This is just what ige call elasticity ; 
the ultimate atoms separating froih one another 
after being compressed. We have mentioned also 
that heat greatly increases elasticity, as we might 
expect. To show this take a bladder half filled 
with air, and tightly tied up at the neck so that no 
air can get out or in, and place it before the fire. 
In a very short time the bladder will swell out and 
appear completely filled, from the increased elasticity 
caused by heating the air in the mside. There is 
thus therefore some intimate connection between 
heat and this elasticity. Another example of this 
connection is interesting especially because it is an 
example of what is not often apparent, viz., heat 
contracting a substance. Take an india-rubber strap, 
and suspend it by one end ; to the other end attach 
weights till it is very considerably stretched ; then 
bring near the strap a piece of live coal with a pair 
of tongs, and pass it up and down close to the india- 
rubber, which will thereupon contract considerably, 
raising the weight in so doing. In this case also 
heat has increased the elasticity of the india^bber, 
enabling it to raise the weight, although it contracts 
the volume instead of expanding it. Also, if we 
take the strap and hold one end between our lips 
and draw out the other sharply with the hand for 
some distance, we shall perceive by our lips that 
the temperature of the india-rubb^.is very per- 
ceptibly raised. On allowing it to contract again 
after some little time our fingers even will be 
sensible of its temperature being lowered. It is not 
the pur|>08e of this paper to enter into the explana^ 
tion of this curious behaviour of heat on indict 
rubber, and it is metely mentioned to diow the 
intiffiate relation between heat and elasticity. Now, 
heat has been shown to be a mode of motion. Whe^ 
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a body in at a high temperature its particles ai'e in 
a state of intense vibration, moving about at a great 
speed. The partmles or atoms of a gas, therefore, 
which, as we have seen, owes its gaseous form to 
heat, must be moving rapidly about in all directions. 
We can understand why it presses o\itwards ; the 
atoms are almost infinite in number in any small 
space, and each one striking against the sides 
of the containing vessel, a constant bombardment, 
so to si^eak, is going on ; the individual strokes are 
too minute for our observation, but we recognise 
the general result as an outward pi'essure. Further, 
we can understand how the pressure outwards is 
increased when the volume is diminished. Supfiose 
the walls of the vessel to be twelve inches apart, and 
that an atom travels from one side to another in a 
certain fi’action of time, giving one blow at each 
journey ; we can see that if we bring the walls six 
inches nearer, or half the distance, the atom will 
deliver two blows for one it did before in the same 
time, and this is equivalent to doubling the pressure, 
which we find by experiment to be the case. The 
reason, then, why the gas springs back to its original 
volume when the extra pressure is withdrawn is 
evident ; it is due to the motion of the ultimate 
particles, atoms, or more conectly molecules, of 
which the gas is composed. If a gas could be suffi- 
ciently magnified to make its molecules visible, it 
would pi^esent very much the apjjearance of a cloud 
of gnats, which we may see hovering over water 
or a hedgerow in summer — a mass of small 
incessantly moving bodies with relatively large 
spaces between each. Now suppose we oomj)resa 
such a cloud into smaller and smaller space, it 
would gradually assume the appearance of a solid 
body, and the spaces between the bodies would at 
length become invisible, and the movements would 
be reduced to a kind of vibration. While this 
process of compressing was going on, we should call 
into play another force. We know very well that 
all bodies attract one another in some manner ; in 
large bodies such as the sun and e^rth thei'e is the 
attraction of gravity, while in small bodies or atoms 
such as we are considering there are attractions 
such as chemical affinity, cohesion, &c. When the 
atoms are at such distances apart as in the case of 
a gaa, these attractions have no sensible effect, but 
as the atoms are pressed closer these attractions 
exert their influence, and modify the motions of 
the atoms, just as, for instance, if the earth were 
as far from the sun as one of the fixed stars is, the 
attraction between them would have no appreciable 
effect ; but when they are brought to their pi*esent 
136 


distance their motions are mutually modified, and 
they no longer require any other force than their 
mutual attractions to keep them together. Now 
the molecules or atoms of a gas act in an analogous 
manner ; when in an expanded state the molecules 
seem free to move away from one another to any 
extent, but as they come within the distance of 
mutual atti'action so as to assume the liquid or 
solid form, they lose this freedom of motion entirely, 
and acquire the property of cohesion, so that it 
2'equires force to separate tliem again. It must 
be mentioned, however, that the process we have 
described of compressing a gaa into a liquid or solid 
cannot be accomplished by pressure alone; we must 
also take away some of the motion of the molecules,* 
or in other. woi*ds lower the temperature. In every 
gas there is a temperature above which no known 
amount of pressure will reduce the gas to a liquid 
or solid state. In these two forces, then, we have 
the key to the phenomena of elasticity. Tliere is 
the expansive force due to the motion of the tdtimate 
particles or molecules, resisting compression and 
tending to expand the substance under experiment. 
In a gas the limit of this elasticity is reached when 
the molecules are so near one another as to be sub- 
ject to sufficient attractive force to form a liquid, 
when they no longer tend to resume the original 
volume. The limit of the elasticity of a liquid 
may be supiiosed to be reached when the molecules 
are so closely in contact as to form a solid, and the 
attractive force is so strong as to resist change of 
shaj>e or expansion, so that when forcibly dmwn 
apart the molecules tend to rusli together again. 

Having thus ti*aced the principle of the bent 
bow” through various modifications, and pointed out 
its most probable explanation, we shall very briefly 
refer to various natural phenomena on which this 
principle throws considerable light Suppose a 
number of atoms or molecules aiTanged in a line 
represented by aa\ hh\ cc\ dd!^ ee\ &c., and we 
give the firat a a blow or push from left to right, it 
will pass to the i)osition and acting on h will drive 
this to h\ this acting again on c will push it to c\ 
and so on. In consequence of elasticity, these 
molecules will swing back again to their original 
position, and beyond it to the right, and will con- 
tinue this backward and forward swing or vibra- 
tion for some time after the original blow or push 
has ceased. Further, the molecule a being first 
moved may have passed to and back again 
beyond its first position to the left, and be just 
commencing its second vibration wlien the move- 
ment reaches e, so that e commences its first swing 



314 


SCIENCE FOE ALL. 


towards a' when a is commencing its second to a\ 
In this case the distance from a to s' is called the 
length of the wave of motion^ which is made up of a 
compression when the molecules swing to the right, 
and an expansion when they recoil by their elasticity 
to the left. This vibratory motion, then, is due to 
“ elasticity,” and may take place among any number 
of molecules, or in any or all dii^ections around the 
centre of disturbance a as well as in a single row in 
a straight line. Now this form of wave motion is 
actually what takes place when soimd is propagated 
through air or gas; there are alternate compres- 
sions and expansions, and we may extend the 
application of the same principle to all con- 
ductors of sound, whether solid, liquid, or gaseoxis. 
Further, it is proved that, other things being equal, 
the velocity of sound through any substance de- 
pends on the elasticity of that substance — ^being 
greater where the elasticity is greater and less 
where it is less. Thus sound travels faster through 
water than through air, and faster still through 
solid metal.* We thus see that it is in reality the 
same principle or prot)erty of matter that enables 
the savage to kill his enemy or capture his game, 
and enables man everywhere to hold converse with 
his fellows ; without this elasticity of matter the 
world would be as silent as the gmve ; the song 
of the bird, the ripple of the stream, and the 
sweet music of speech, would be alike unknown. 
It is not, however, in the propagation of sound 
alone that elasticity manifests itself, for we know 
that light and heat are due to a vibratoty or wave- 
like motion propagated by means of an elastic 
medium, and from this fact we infer with almost 
certainty the existence of an ether in space, stretch- 
ing as far as the visible univeree at least, and 
bringing to us the knowledge of distant suns and 
systems. Not only does elasticity inform us of the 
existence of this ether, but it tells us also something 
of its constitution, and ojiens up a wide field for 
future inquiry. Strangely enough, this ether most 
probably partakes moi’e of the nature of a solid 
than of a gas, as at first we might naturally sup- 
pose. Though the heavenly bodies pass through it 
so freely with apparently no resistance to their 
motions, yet in structure it must possess a jelly- 
like rigidity. The proof of this is not difficult to 

^ See ‘‘Science for AU,” Vol. I. p. 279, and Vol. m.. p. 281, 
for some remarin on tbe elastioitj of gases and the propagation 
of sound. 


understand. The wave motions in whidb light ie 
propagated are not, os in the case of sound, con- 
densations and rarefactions in the direction in 
which sound ^travels, but are vibratory ^tions at 
right angles to the direction in which the light is 
propagated, and it is easy to see such a motion 
could not be propagated in a medium of the 
nature of a gas. 

Suppose, in Fig. 5, aa' to be a column of air or 
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gas, and b b' a metallic or solid rod. Now if we 
strike the gas upwards at A in the direction of the 
arrow, it is evident the vibmtion caused by the 
blow would not be jTOpagated in a regular manner 
to a'; the wave of motion would lose its form 
entii'ely, owing to the want of cohesion among the 
gaseous particles. On the other hand, if we strike 
the rod at B in the same manner, the cohesion of 
the solid particles would enable tbe vibration to 
travel regularly to b'. This is analogous to the 
propagation of light vibrations, and the medium 
therefore must have a certain amount of rigidity. 

This ether, into a brief consideration of which 
the study of elasticity has led us, promises to be 
a wide field for the scientific research of tlie 
future. In it probably is hid the key to many 
of nature’s deepest mysteries. Electricity and mag- 
netism are in a fair way to be traced to strains and 
stresses in its jelly-like substance, and even gravity 
itself may find its long-sought-for solution in the 
same source. It is opening out like some new land 
to the adventurous voyager, seen in dim outline 
as yet, with here and there a more prominent peak, 
but giving promise of vast plains and great rivers 
and mighty forests to be hereafter subdued to the 
use of man. 
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WEIGHING THE EARTH?. 

By William Ackhoyd^ F.I.C., etc. 


T^OT long ago, while the busy merchants of 
J3I Manohester were keenly bartering on their 
Rialto, some their cotton, and some their com, goods 
arrived and goods to come, the contents of lichly- 
laden ships still on the Ocean — they, their goods, a^ 
the mighty earth itself, with all that is thereon and 
therein, were being weighed not very far away. 
The mysterious operation, making puny and in- 
significant the weighings efiected for the merchant 
princes of Cottonopolis, was being jjerformed in a 
dark cellar under the Owens College. This, however, 
was only the most recent of many such weighings 
not a whit less extiuordinaiy, for during the last two 
liimdred years the earth has often been weighed, 
after very different methods, and the results ob- 
tained— considei'ing the magnitude of the task, and 
the ways and means adopted-— have been sufficiently 
near to each other to merit our confidence. 

One has a difficulty in realising the immensity 
of the mass that has been on these occasions, 
figuratively speaking, put into the scales. In our 
endeavour to grasp some idea of it, let us follow in 
imagination those emigrants now leaving Graves- 
end and bound for the Australian continent. The 
good ship, freighted with its human cargo, calls 
at Plymouth, and ere long is passing down the 
Atlantic Ocean; it ploughs its way through the 
deep with an average sj^eed of over 200 miles a 
day, but if we trace its progress on the map we see 
that it moves, comparatively speaking, much slower 
than the snail, so slow, in fact, that one could not 
see the pointer move, which correctly represented 
the vessel’s speed on an artificial globe. Twenty- 
five days after starting they have reached the Cai)e, 
and in thirty days more they have arrived at 
Melbourne. Day after day they have proceeded at 
what has seemed to them a quick pace, leaving 
bdiind the white cliffs of Albion — perhaps made 
whiter by a mantle of snow — for tKfe scorching heat 
of the tropics, and finally reaching, after an^ excur- 
sion of some twelve thousand miles, their new home 
at the Antipodea And now to get round the earth 
we must proceed farther than the emigrants. We 
accordingly pass down the Bass Strait and enter the 
vast stretch of Pacific Ocean, then, after veiy many 
days, during which we have again and again been 
delighted with glimpses of the Polynesian islands — 
oases in a desert of waters — we arrive at the Canal 
in the I^mus of Panama, which we will take the 


liberty of fancying M. de Lesseps has successfully cut 
through ; and now a comparatively short journey 
across the North Atlantic brings us home again, 
after about eighteen weeks’ continuous sailing. We 
have cii'cimmavigated the earth, gone round the 
vast ball on which we live ; and now, with a lively 
conception of its magnitude, let us consider how it 
may be weighed. 

Some idea of how we ought to proceed will be 
gained, if we consider how it would be |)0S8ible to 
weigh without scales one of those big stone balls 
which top the gate-posts in front of a Cromwellian 
mansion. A minute inspection of the ball shows 
us that it is of the same kind of stone as that to be 
found in a neighbouring quarry. It is easy to 
ascertain the weight of a cubic inch of this quality 
of stone, and afteiwards by measuring and computa- 
tion the number of cubic inches which the ball con- 
tains. A simple multiplication sum will then give 
us the weight of the large stone ball. We have 
similarly to ascertain, in the case of the earth, (1) 
the number of cubic miles in it, and (2) tlie weight 
of a cubic mile of it. 

It is a curious fact that the distance round the 
earth was measured some 
two thousand years ago by 
the philosopher Eratos- 
thenes. He regarded the 
earth as an immovable 
globe, and he attempted 
to measure its magnitude 
in the same way as we do 
to-day. Imagining the 

circumference of a great i.~iuu»tntting how the 
circle abc (Fig. 1) to ex- 
tend all round the earth 

and pass through Alexandria, a, and Syene, the 
modem Assouan, b, he attempted to find out what 
number of degrees of this circumference was inter- 
cepted between the two places; in other words, 
what was their difference of latitude. His results 
taught him that the arc of earth’s surface extending 
from Alexandria to Syene, t.e., a b, was about the 
fiftieth part of the . whole circumference ; and 
taking the distance between them and multiplying 
by fifty, he roughly ascertained tlie whole distance 
round the earth, fimm which one may readily cal- 
culate the diameter, and then the solid content 
These are the days of exact experiment^ and what 
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Eratosthenes did roughly we do with the greatest 
accuracy. Now the length of the line a h would 
be ascertained by very exact trigonometrical 
methods, so exact that there would probably be an 
error of two only or three inches in measuring the 
four to five hundred miles. As the result of calcu- 
lations, based on acoumte measurements of this 
kind, we learn that, considering the earth to be a 
sphere, it has a diameter of 7,912*41 miles, and a 
solid content of 259,373 millions of cubic miles. 

We have next to ascertain the weight of a cubic 
mile of the earth ; a matter of the greatest diffi- 
culty, seeing that the rocks which compose it are 
of every degree of density. The surface rocks vary 
in tlmii* specific gravity, most of them being two-and- 
a-half to three times heavier than an equal bulk of 
water ; and there can be no doubt that the rocks 
of the interior will become heavier and heavier 
as we proceed towards the centi*e, on account of 
the great pressure of su|ierincumbent stnita. It 
will be apparent, therefore, that the weight of a 
cubic mile of the earth’s substance will vary at 
the surface with the quality of it; and, further, 
that a cubic mile of material, say at a depth of 
twenty miles, will weigh much more than a cubic 
mile of similar material at the earth’s surface. 
We require then to know some w'ay of ascertaining 
the average weight of a cubic mile of the earth’s 
substance, or, to put the problem in a more con- 
venient form still, we have to ascertain how many 
times heavier the earih is than a sphere of water 
of the same magnitude, and of uniform density 
throughout There have been some four methods 
devised for this purjjose, and we shall enter into 
such details concerning them as our readei*s will 
readily understand. 

A schoolboy is often puzzled to account for the 
fact that people on the other side of the earth with 
their feet pointing towards ours do not fall off, and 
he never fully understands how this cannot happen 
until he realises that the earth pulls everything 
towards it, wherever it may be. In virtue of the 
earth’s pull a weight falls downwards from a height 
with an ever-increasing speed, and a pendulum 
swings to and fro until its excursions have become 
so shortened by friction and the resistance of the 
atmosphere that it stops. We usually speak of the 
force with which the earth pulls a thing towards it 
as the weight of that thing, and when, in the com- 
mon operation of weighing goods, we place them in 
one pan of a pair of scales and in the other ])lace 
certain standards (which w*e speak of as hundred- 
* ** The FsU of a Stone,” “ Soienoe for AU.” Vol, m., p. 228, 


weights or pounds), until the earth’s pull on the 
goods is just balanced by the earth’s pull on the 
standard weights, then we say they have both the 
same weight, and wo measure the weight of the 
goods by tlie standards we have employed. Suppose 
now we were to employ for weighing, instead of 
the usual pair of scales, a spring balance in which 
we measure the weight of a thing by the amount it 
will Hti'etch out a spring, and not by countei'poising 
it with known standards, we should find a substance 
with such an instrument to be inconstant in its 
weight : it would weigh less at the top of a mountaih 
than it would down at the bottom of a valley. It 
is very evident that the quantity of matter in the 
substance would remain unaltered during its transit 
from the top to the bottom of the mountain, 
although its weight increased. The quantity of 
matter in a body is spoken of as jits rnass, a very 
shori and convenient word. It will now be per- 
ceived that change of position alone will not alter 
the mass of an article, although it may very mate- 
rially alter its weight or the force with which it is 
pulled towards a planet. Here is a fanciful example 
to the |K)int. There goes a ‘‘jolly fellow” who weighs 
sixteen stones if he weighs a ix)iind ; in other words, 
the earth pulls at him with a force which would re- 
gister sixteen stones, if he were put into the i>an of a 
very large spring balance. Suppose him now, if it 
were possible, instantly transported to the surface 
let us say of Jupiter, His mass would be unaltered, 
but ujx)!! sitting once' more in the pan of the spring 
balance he would weigh 39 stones and 9 lbs. ! 

This pull, or attraction, is something universaL 
The sun pulls at all the planets around it, the 
planets pull at the sun and at each other, and every 
particle of matter in the universe pulls at every 
other particle with a force whose direction is that 
of the line joining the two, and whose magnitude is 
proportional to the product of their masses divided 
by the square of their distance from each other. In 
the case we have just given, the reader will readily 
see now how the result was obtained. Each planet 
pulls at a thing on its surface as if its own mass 
were concentrated to a point at its centre. From 
the centre of Jupiter to its surface is. eleven times 
longer than from the centre of the eai*th to its 
surface, hence the attraction on the man at the 
surface of Jupiter would be ^gs=:y.Jyth of the 
pull on him at the surface of the earth. But the 
mass of J upiter is 300 times more*than the earth’s, 
therefore, so far as mass is concerned, its ptill 
would be 300 times greater, or fj^ths." Now the 
pull on the man on- the earth being sixteen stones,' 
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on Jupiter it 'will be of sixteen stones, ie.^ 

about 39 stones 9 lbs. 

It will now be fully understood that the earth's 
pull on things at or near its surface may be 
modified by various circumstanbes of position. We 
shall here consider three cases ; (1) how a plumb line 
may be pulled out of the perpendicular ; (2) how 

the weight of a 
/ \ pound of lead 

/ M \ may be in- 

/ \ creased ; and 

« / 1 « (^)> 

V / \ >/ number of 

swings of a 

^ jwnduluin of 

Plf. 2.-IUii8tratiiiir the PuU of a Mountain constant leilffth 

on a Piece of Load (m) near it. i i i 

may be altered. 

(1) If a weight m (Fig. 2) be attached to a string 
and suspended from a fixed point, s, the string 
points towards the centre of the earth. The great 
mass of the earth, E, pulls at the small mass, in 
that direction, but a mountain, m, close by will exert 
its attraction on the weight m, and dmw it a little 
towards it, so that the plumb-line no longer points 
to the earth’s centre. Ordinary methods of obser- 
vation here altogether fail us, and it is only by 
sidei'eal observations made with extreme care that 
the effect - has been noted and measured. Chim- 
borazo caused a deviation of IT', according to 
Bouguer and La Condamine ; the sum of the devia- 
tions caused by Schiehallien in Scotland on opposite 
sides of the mountain wjts 11". 6 in the observations 

^ of Maskelyne; and 

"" — 7 ! Sir Hemy James 

/ \ obtained a joint 
deflection of 4". 21 
caused by Ar- 
thur’s Seat near Edinburgh. 

(2) When a weight 7n (Fig. 
3) is attached to one end of 
a chemical balance of extraor- 
dinary sensitiveness («), we can 
m0 counterbalance the earth’s pull 

on it with great exactness by 
means of weights in the pan, 
Pi and riders on the beam. If 
now we bring a heavy mass of 

the 

Waigiit of a BaU(m) in the pidl of M is added to the 

anyti^ to it. earth s, s, in other words the 

weight of m is increased. Mr. 
J. H. Foynting made the 6xi)eriment, and with a 
weight, m, of nearly 1 lb. (452*92 grammes), and a 


large lea^l mass, m, of 340 lbs. (154,220*6 gnus.) the 
weight of m was iiici’easod by The 

series of experiments were made with great cai-e in 
Owens College, Manchester. 

(3) A jiendulum consists of a bob, m, suspended 
fi*om a point, s (Fig. 4). By lifting the bob to 
and letting go, the earth pulls it downwaixls, and 
in virtue of this pull it swings down to m and con- 
tinues its progress to 7n" ; it then proceeds over the 

same course backwards, 

' « 

and repeats the to-and- A 

fro motion until it is / \ 

stopped by the resist- / \ 

ance of the air and fric- / 

tion at the point s. If / \ 

the pull on 7n is de- / \ 

creased, the speed of the / \ 

pendulum will be slack- / \ 

ened, and this in a way / \ 

which will -give ns a / \ 

measure of the exact / \ 

» \ 

amount of decrciise of / \ 

the pull. A pendulum 

that makes 86,535 vibni- m" A 

tions in a mean solar dav 

iuLondou will make only 

86,400 at the equator 

in the same time, because the pull in the latter 
position is less than at the former, and a simple 
calculation with lliese figures shows us exactly 
how much leas. What would be the effect if we 
took the peuflulum down a pit? New'ton has 
shown that any particle of mattei*, b (Fig. 5), within 
a sphere is equally attracted in every direction by 
all portions of the external hollow shell, M M, just 
inside which it rests, and the pull of this shell on 
the particle may therefore be neglected. Let a h 
represent the shaft of a pit ; a pendtdum vibrating 
at its mouth, a, will make a certain numlier of 
vibrations in a given time, the r.jsult of the whole 
earth’s pull upon its bob ; but at the bottom of the 
shaft the bob 
of a perfectly 
similar pendu- 

lum will be yy' e 

pulled by only 

7, . , Eig. 6 — lUuitrating the pull of the Earth ou 

the internal a Parade wftbiu it. 

sphere, e; and 

if the earth were homogeneous throughout, the num- 
ber of vibrations would be reduced in this position. 
The earth, ho'wever, is not of uniform density, and 
such are the conditions that the internal sphere, e, 
which attracts the pendulum at 5, does so with 
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more force than the whole earth attracts a. Thei^ 
is thus an increase in the number of vibrations at 
the bottom of the pit The Astronomer Royal has 
made several attempts to get accurate quantitative 
results, and, unlike the ordinary run of calm 
astronomical observaUons, his expeiiments were 
not unattended with danger. The first two 
attempts were made at the Dolcoath mine in 
Gomwall, but both failed ; the first on account 
of his instruments being destroyed in tlie shaft, 
and the second because of the subsidence of a huge 
mass of rock, which brought the experiments to a 
sudden and premature conclusion. Nearly thirty 
years after, a third attempt was made at the Harton 
Colliery, neai* South Shields, 1,200 feet deep, and 
it was completely successful. It was found that a 
pendulum beating seconds at the mouth of the 
pit gained seconds per day on a similar one at 
the bottom. 

Each of these series of observations furnished 
data for ascertaining the mean density of the 
earth — is., for telling exactly how much heavier 
the earth is than a ball of water of uniform density 
and of equal magnitude. In every instance the in- 
fluence of a known mass, m, on a leaser mass, m (see 
Figs. 2, 3, and fi), is compared with the earth^s in- 
fluence or pull on it, and then by many and various 
calculations the earth’s density is arrived at It 
will give some idea of the labour expended in 
getting the value of m when we mention that 
Schiehallien had to be accurately modelled and 
surveyed, and that the densities of its various 
mineral constituents had to be ascertained, while 
in the case of the Harton Colliery exjjeriments, 
the surrounding country had to be extensively 
surveyed, the strata had to be studied, and their 
specific gravities taken. 

Towards the end of last century, some remark- 
able weighings of the earth were made by one 
whose name is well known in the annals of English 
science ; for, although the Hon. Henry Cavendish 
(Fig. 6) was, perhaps, the most eccentric man of 
his time, he was one of the busiest in the search 
after tnitli. From his habits unfettered by social 
or political engagements, and from the accident of 
bii*th exceedingly wealthy, he was able to devote 
most of his time to research, not in one, but many 
branches of science, so that Biot has well said of 
him that he was the richest of all the wise men, 
and probably also, the wisest of all the rich.”* He 
numbered among his warmest friends the Rev. 

* ** Le plus riche de tons lei lavane, et probablement auiii, 
)e plot lavant de toui les riches.** 


John Michell, who devised the t(»Bion htisme for 
weighing the earth. Michell died before he could 
make the experiments, and the appara^ came 
into Cavendish’s hands, who, after improvixig 



Fig. 6.— Henry CavendiBh. (Afttr {h§ Portrait by AloxanSsr\ 

made the requisite measurements, and communi- 
cated his results to the Royal Society in 1798, in a 
paper entitled Experiments to Determine the 
Density of the Earth.” 

The torsion balance is of exceedingly simple con- 
struction, consisting of a horizontal rod, r (Fig. 7), 
suspended by a fine wire from a fibced support, s. 
When the rod is turned round in a horhsontal 
plane the wire is twisted, and being elastic tends to 
untwist itself. The strength of the pull which 
turns the rod is proportionate to the angle through 
which it is turned — i.6., if a certain pull will turn 
the rod through an angle of a pull of double 
the strength will turn it through 6**. If, then, two 
small metal spheres, mm, he attached to the ends of 
the rod, r, it appears not improbable that if larger 
spheres, m M, be brought near them, as in Fig. 7, 
some indication may be obtained of the pull 
which they exert on the lesser balls in virtue of 
that universal attraction we have already men- 
tioned. When every precaution has been ^en to 
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the balls from air currents and other sources 
of error, it is found that the spheres, h m, have a 
measurable influence on the swing of the balls, m 


Mean Density 

— ^ Observer. of £iirth 

I>ev\at%on of plumb line : Obtained. 

(1) By Schiehallien . , , Maakelyne, 1774 . . 4*713 

(2) By Arthur’s Seat . . . Sir H. James, 1856 . 5*316 

Vibrations of the pendulum : 

(1) On Mont Cenis . . . Plana and Carlini . 4*950 

(2) At the Harton Coal-pit • Sir Goo. Airy, 1854 . 6*565 

Torsion balance experiments : 

Hy. Cavendish, 1798 5*448 

Keich, 1837 . . . 5*438 

F.Baily, 1838—1842 5*660 



Fig. 7.— Tbe Torsion Balanoe. 


when vibrating, from which it is possible to deter- 
mine what iK)rtion of the weight (i.d., pull of the 
earth) of either ball, m, is equal to the pull which 
H exerts upon it. The mass of m is known, and 
from the other data obtained the density of the 
earth may be calculated. ^ 

We may thus tabulate the results that have 
been obtained by the various methods : — 


Chemical balance experiments : 

J. H. Poynting, 1878 

Average , . . 


5*472 


This average of 5*472 is not far off* — i.e., we 
may say that the earth is five and a half times 
heavier than a globe of water of the same size. 
Taking now the dimensions of the earth as given 
at the commencement of this paper, it is easy for 
us to calculate its weight, for we know the 
exact weight of a cubic mile of water ; and the 
result obtained, according to Sir John Hei'schel, is 
5,852,000,000,000,000,000,000 tons, of 2,240 lbs. 
to the ton ; or expressed in words, the earth’s 
weight is five thousand eight hundred and fifty- 
two trillions of tons I 


A RED SEA-WEED. 

By E. Pekceval Weight, 3I.A., M.D., F.L.S., etc., 

Pro/ewor of Botany in the University of Dublin, 


A SHORT walk along the sea shore, or a veiy 
casual glance into a still rock-pool, will 
speedily show us the plants of which we proi^ose to 
treat. Sea-weeds are mostly of a green, brown, 
or red colour. In great waving masses among the 
rocks, they may float like long tresses on the surface 
of the waves near low-water mark^ or, in a more or 
less damaged condition, may be tossed up at our feet 
from the depths from whence the winter stoms have 
wrenched them. Floated out over a piece of stiff* 
paper, the more delicate species are among the most 
beautiful of natural obje^. Examined scientifi- 
cally, their interest is not less pronounced, though 
the details of structure which the magnifying-glass 
or the microscope reveals are less complicated than 
the corresponding details in a flowering plant;* yet 
once understood, ** the flowers of the sea ” are even 
• ^*A Primrow,” “Science for All,*’ Vol, II., p. 215. 


more wonderful in their organisation. The “weed ” 
we hav(3 captured from the wave is, say, a piece of 
dulse or the beautiful Phcammm^ dear to lady- 
collectoi’s, the toothed Odonthalia or the almost 
equally common what class of the 

vegetable kingdom does it belong ? The scantiest 
acquaintance with botany tells us that it is flower- 
less, in the familiar acceptation of the tenn, though 
we shall And that it is not without organs which 
serve all the essential pui*ix)ses of blossoms. The 
term we have applied to it, is, however, like many 
popular names, erroneous. We term it a ** sea- 
weed ; ** and so it is. But the family to which it 
belongs has representatives in fresh water also. 
Accordingly, to avoid confusion, we shall call the 
plant by its technical title — ^that is, an ^^alga,’’ 
for to the great division of “ Algee " it belongs. 

From veiy early times the algse have been known 
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MB a class of plants living either in salt or in fresh 
water. Hie limits of this class were not, it is true, 
ever veiy exactly defined, but neither are they so 
defined even at the present day. A centuiy and a 
half ago Linnseus inclnded among the algos the 
club-mosses, the lichens, and the sponges, and we 
have to come a century nearer to our own time to find 
the class limited to simple * ** thallus-bearing plants ** 
able to support themselves without jireying ufKin 
other organic foims. It may be well here to define 
what is meant by a thallus ; it is an aggregation of 
cells, forming a vegetable stricture in which there is 
no true distinction between the stem and the leaves, 
and from which there are no true roota Such a de- 
finition, wliile, perhaps, about the best tliat can be 
formulated, is not strictly correct ; for, if leaves be 
lateml outgrowths from below the terminal growing 
portion of a stem, then it is not improbable but 
that some so-called ‘‘ thallophytes ** (thallus-bearing 
plants) possess them. In progi'ess of time the 
clul>-mo8ses, lichens, and sponges — which are true 
animals^ — were removed from the algse, and 
something like a scientific classification made. 
Endlicher, Lindley, Berkeley, and Sachs have, 
among others, attempted to arrange the numerous 
species into a natural sequence. But for our 
purpose, the divisions of Harvey — albeit he did 
little more tlian give new names to the classes of 
Lindley — will serva The sub-divisions of this dis- 
tinguished writer on the group are: — 1, Those of a 
rosy-red or purple, mrely brown -red or greenish-red 
colour (Jikodospermeoi) 2, Those of an olive-gi-een 
or olive-brown colour {Mela/ixosjTennecb) ; J 3, Those 
of a grass-green or rarely a livid puqjle colour 
{Chloro8perim(B),^ He excluded the chaius, and 
rightly combined the diatoms with the green algse. 
During the last twenty years our knowledge of 
the alg» has vastly increased, but even yet that 
knowledge is not quite complete enough to enable 
a really satisfactory classification to be made. 

Until recently, the systems of classification of 
the algae were but little more than aids to memoiy. 
The student now tries to know all aliout the modes 
of growth, and the modes of repi’oduotion of the 
species belonging to the Algal oMiance in order that 
he may group together those having the greatest 
resemblances in these respects. Until the life- 

* “Sdenca for All.” Vol. 1., p. 56. 

f Nearly equivalent to those algse with fruits called oogonia 
{OogonipkyemY 

i Nearly equivalent to those nlg» with fruits called car- 
pogonia {Carpogoniphyem), 

9 Nearly equivalent to those algee vrith fruits called zygo- 
gonia (Zygogtm/iphyeeoi). 


history of all, or nearly all, the species of e^Iib is 
known, the last link cannot be put On to the chain 
that will bind them all together in an orderly 
sequence. There is, as might be expected, a very 
great difference in the system of tissues in these 
sub-divisions. Thus, taking the last first — ^in 
it we often meet with forms so simple that even 
in their mature or adult state they consist of 
but a single cell ; this cell is, however, capable of 
dividing, and each half thereof will, in process of 
time, BO far as external fonn goes, resemble closely 
the cell from which it started. In such a case it 
often happens that when formed the two halves 
break from one another, but in other cases after 
division they will, on the contrary, be found to 
romain attached, and so give rise to what is called 
a filament or chain, each cell or bead in which 
can, and often does, again divide Bo as to make 
the filament to elongate itself throughout all and 
every one of its cells. The protoplasm of each 
cell having the power of dividing in this way, an 
indefinite length may be attained by the filament ; 
but it will not thus, it is to be noticed, in any 
degree add to its breadth or width. These latter 
developments will be attained only by a vertical 
cell division which, especially when combined with 
an onward growth of a special terminal cell, will 
give rise to a frond-like system of tissues. This 
s|)ecial cell-growth is a very important factor in 
the development of the fronds of the second sub- 
division of algse, and in the first it has a good deal 
to do with the production, not only of the frond 
itself, but also of its fruit. It is a form of growth 
very easily observed in many of the simple branch- 
ing species of algse. 

In the present paper we would confine our 
attention to the red sea-weeds, and sketch tlie 
mode of growth of a red algal form ; and to com- 
plete its life-history it will then be necessary to 
give an account of the forms of reproduction to be 
met with. The example chosen to illustrate the 
first is Gr\ffitJisia eetacea] that to illustmte the 
second is one first described by Thuret as S 2 ?ermo- 
thamnion Jlabellaturru 

If we examine that pretty and neft uncommon 
Biitish sea- weed Griffithkaeetaeea^ which was called 
after Mrs. Qriffths, one of the ablest investigators 
of her time of our native tdgee, we find it, before it 
has reached its fhiiting stage, to consist of a number 
of jointed filaments. 

If the growing tip of a filament be floated on to a 
glass slide in a drop of salt water, and covered with 
a thin glass cover (it should not be subjected to any 
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ihm tie exaia^ined under a 
dtivjeetive '* d£ the mieroscope^ it 
will be seen t6 ooaekt of a well-marked cell wail^ 
wMidi will act its its boimdaiy, and the uppet* 
tmninal portion of which will present a moi^ or less 
ni|^le-shaped form. Occupying the oavily within 
tl^ will be seen the more or less pink*ooloured ceil 
contents ; often towards the tip of these will be 
found a portion in which the pink colour will not 
be very apparent. Gradually, indeed, this will meige 
into a quite colourless morsel, which will be found 
just under the apex of the outer cell wall. F^m a 
prolonged watching of this same gradually -growing 
tip, or from the aggregate of a series of such obser- 
vations on such growing tips, selected at vai'ious 
stages of growth, it would seem that a true gixiwth 
takes place (at times somewhat rapidly) in the out- 
ward cell wall, which thereby increases not only in 
length, but also in width and general bulk ; and 
cotemporaneously with this there is a propoHion- 
ally well-marked increase to the cell contents. 
This increase might be roughly compared to the 
staffing of a bolster-case, where the tightest packed 
portions would be towards the bottom, and the 
loosest portions would be towards the top ; only of 
course the bolsterrcase is quite open at the top 
where it receives the contents, and in the Giiffithaia 
cell the topis closed and the contents get in by a 
sort of atomic transfusion.’’ 

As a result of this growth of the cell wall, and 
of the increase to its protoplasmic contents, it 
happens that the lower, denser, and more highly- 
coloured portion of the protoplasm ” is greatly 
added to, and this apparently at the expense of 
the upper, less dense, and nearly colourless portion ; 
but in reality, by its conversion into the more 
formed material, which thus is becoming more and 
more advanced forward, until gradually it acquires 
its supply of chlorophyll, and becomes fully 
organised. The upper portion of the protoplasm is 
not only less dense and less mucilaginous, but at the 
growing tip it seems to fade into a ^^tolourless almost 
granular material, which seems as If it had not got 
its full complement of water of organisation. To 
return, however^ to the consideration of the older 
irst^formed portion, which at a certain time and 
when a certain length thereof seems tobave reached 
a ceitain stage of. its existence, becomes separated 
into two--an upper and a lower portion — of which 
the uppis* is by ^ the smaller, being often not more 
titem a mere convex-shaped lens-like masa-^the top, 
as it were, of the coloured thimble-shaped bocfy 
which is included within the nipjde-shaped cell wall. 
187 


Ibis seimration can only be at this stage detected 
by the most careful adjustment of the Ught, which 
will show some slight difference at the place wheie 
the two surfaces meet It is not, however, an abso- 
lute separation into two perfectly distinct parts, for 
there still remains a well-marked central portion 
which connects the upper with the lower part, and 
which ceases to form a connecting-link between 
them only at a very xpuch more advanced period of 
time. ■* 

These structures will be better seen, and their 
peculiarities will be more easily understood, if a 
portion of a frond just at the stage now described 
be gradually immersed in weak glycerine. It is a 
good plan to allow a drop of glyceiine placed at 
the edge of the glass cover to drive the salt water 
out before it : this will be greatly helped if the exit 
of the less dense fluid be assisted by a piece of 
blotting-paper, and when the substitution of the 
glycerine is successfully accomplished there will not 
be a single air-bubble entangled. The cell contents 
will now very slowly indeed contract, and the dif- 
ferent portions will be then more distinctly seen. 
First, there will be the lowermost cylinder of proto- 
plasm, with its flattened poles, of a lovely and uni- 
form pink hue — some Bi>eoimeus kept in glycerine 
for more than six months have not yet lost their 
colour, though in the process of time it does fade — 
next, the delicate tube of pink protoplasm, stretching 
from the upper portion of this lower mass to the 
under portion of the ujiper ; and thirdly, this upper 
mass itself, often flat on its own lower surface, and 
irregularly convex on the upper surface — though it 
is noteworthy that this, its outer margin, is often 
radiate in outline as well as uuooloured, as if it 
had been tom away in its contracting from the inner 
surface of the outer cell wall. 

Besuniing our study of the living organism — 
the lower cylindrical mass w”!!! be found, when 
carefully watched, and after it has grown to a 
certain size, to gradually form a cell wall. 

Often at a very early stage, after the separation 
of an apical portion of the cell contents from 
the mass immediately below them, a very faint line 
of demarcation will be perceived in the centre of 
the connecting tube of pink protoplasm : as growth 
advances this becomes more and more apparent, 
and the halves are now seen, though touching each 
other, not to be absolutely joined. If reagents are 
used, these halves will be at once drawn asunder, 
and each fully-formed inner mass has then got a 
top and bottom opening or pore in its cell wall, 
and in a long series of such, masses there wilt 





be fmiied a taere or lees eca^ti^ita eom- vavf greatly 
mnnieation, iet tbe eutbioe tiie 

Tbeee openings are called by Mr. Areber pite; veiy fiuHbce; sometimw formed in the tt^inel 

and in a not uncommon exotic eea-weed {Batlia cells of afilatnitnt^ sometiines in 

caUitridta) these pits, or pores, are closed by reiy internal and Intend cells. Often 

cbaracteristic little bodies which he the mother cell bearing them is 

calls “ stoppers ” or “ lids.” stallted ; often it is stalklese. 

Kow, all this growth has to do But another sort of reim>duc- 
with the individual plant. It keeps tion is now to be briefly de- 

on adding cell to cell, branch to scribod. In it two factors com* 

branch, filament to filament, and were bine to form one complete whole, 

it to go on indefinitely like this it Two cells produce each its own 

would, while mindful, as it were, of separate mass of protoplasm, but 

its own progress, do nothing to add neither by itself is able, when 

to the number of individuals of the thus separated, to support life or 

same kind in the world. But the to develop a fresh form. Yet let 

propagation of the species is an im- the two masses mingle, and as a 

*^lfivi*iSu!rprS portant concern of the plant life, and i^esult a new body, the product ^f the two, is 
the methods by which it is brought formed, which has all the powers of gi'owth and 
about in these algie must noa* be development. These two cells, which give origin 
alluded to. They are essentially of to these two diverse masses of protoplasm, are 
two different sorts, one in which .the protoplasmic known as the germ and tlie sperm colls, and the 
cantents of certain cells of the filament divide into contents of the latter feiiilising the former a new 




four masses, and these not only separate from one 



another, but eventually escape 
from the investing cover of 
their mother cell. These little 
free-cella are known as ** tetra- 
spores.*' They are simply 
detached cslls, which are 
endowed with a power when 
detached of giving origin, by 
a process of cell growth, to a 
frond like that of the plant 
from which they themselves 
proceeded. These tetraspores 
in the red algm ai*e met with 
of various forma Sometimes 
the protoplasmic mass of the 
mother-cell divides in a crucial 
way, so that the whole four 
spoi’es can be seen from any 


indiridual is the result. The s|)erm cells are 
arranged in clusters, known as “ ontheridia," and 
these constitute the male element of the plant The 
germ cells form part of the ‘‘ carpogonium,” and 
this is the female element of tlie plant. 

The antheridia in the red olgce are simple col- 
lections of sperm celb — the result of a repeated 
division of some of the branch cells — sometimes in 
connection with long hair-like filaments, sometimes 
quite destitute of these. In Sf^emwifumniofi flor 
hellatum the antheridia are sessile on the inner 
surface of its branches. They consist of cellular 
bodies, in shape oval, oblong, or cylindrical, of a 
pale colour, and bear a great resemblance to the 
antheridia in Poly9vpliA>nia ; but, unlike these, the 
axis of the antheridium does not consist of a fila- 
ment of large cells, but the entire structure is com- 
posed of the same sort of cells. The antheridium 
consists at first of a filament of three or four cells 


view at once {Timmnidium, 
AaiitJuimnion^ Fig, 1). Sometimes the division 
takes place vertically, the spores being tlien one on 
the top of the other (C/tondria^ Corallinaf Melxh 
h$Bia, Fig. 2) ; and again the division may be 
triangular, and during the giwth of the four 
s]|>ores they so ariuuge themselves as that one of 
them mounts on the summit of the other three, 
and only three are visible fLx>m the one point of 
view. This occurs in very many species {Polysi- 
phonm, Griffithia, Fig. 3). Tlie tetraspores also 


shorter than the others, and of a lighter colorn*. 
The lowermost articulation is longer than wide, the 
others are wider than long, and are disc-shaped. By 
the formation of. a number of oblique jmrtition 
walls, the lowermost articulation is successively 
divided into several triangixlur cells, which become 
partially detached ; these, in their tuim, become 
once or twice divided, and the celb formed by thb 
last division become the mother cells of the male or 
sperm corpuscles Whilst the upper celb of the 
antheridium divide with pretty much the same 


323 


A £B1> SSA-WESa 


ipeeies inore partioulm'ly 4e- 
jp^et in others ^ese ceUs> in dividing^ leave 
each a 0xainidai cell, which 
in time forms an axk, as in the ease of Polyaiphcmia 
{S3g« iy In some veiy rare oases the masses of 



sperm cells are developed in hollowed-out, pit-like 
depiesaious in the frond. This occurs in some of the 
red algee with compressed fronds, these made up of 
several layers of cells. In some (Gracilarta) the 
cavities containing the antheridia are scattered over 
the surface of the frond, and only open by very- 
minute pores ; in others (CoraUina), the antheridial 
conceptacles are collected in club-shaped branches, 
easily perceived, and the orifices partly closed by 
hair-like projections. 

The antheridia are often found growing on dif- 
ferent plants from those which develop the carpo- 
gonia, and often in the same species not only will 
these be found on separate plants, but a third form 
of plant will bear the tetraaporic fruits. 

For a very long time the function of the anthero- 
soids — the name given to the male corpuscles — 
eacapisg from the antheridia was more than b\ib- 
pept^. They were incapable of germination, and 
therefore could not be spores. 

Za some species the position and structure of the 
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carpogonium are difficulties in the way of com- 
prehending it, and, indeed, it is only on living 
plant that these fruits can be studied with advan- 
tage. In the genus Spervnothamnicn the forma- 
tion of the carpogonium is, 
however, to be studied 
with ease, and in'* the fol- 
lowing account of its for- 
mation in S, JhbdUUum 
we follow Bomet. The 
fruits are developed at the 
the ends of short lateiul 
branches, which are for the 
most part made up of four 
cells, one on the top of the 
other (Fig. 5). While the 
first of these does not differ 
from the other cells of the 
frond, the. three last are I'e- 
markable for being short 
and of a very light colour ; 
the ultimate cell scarcely 
ever changes, but the three below it all take a jjai’t 
nioi*e or less directly in the formation of the 
fruit. The lowermost will ultimately produce 
at its apex a crown of bmnching, in-tumed fihi- 
ments (Fig. 7), which will form the involuci'e 
and surround the ripe spores. The cell just 
above this will form the peduncle, or stalk, oi 
the fruit, and while it increases greatly in size it 
does not divide. Lastly, the |7enultimate cell, by a 
series of developments, will give rise to the fruit 
itself. Let us see how this phenomenon begins and 
ends. Fixing our attention on this penultimate 
cell (Fig. 6), a portion of the protoplasm towards 
the o.uter side will separate by an oblique wall ; a 
second mass will be detached in like manner 
opposite to the first ; then a third and 
fourth just in the same way, only to 
the right and to the left. We have 
now got five cells, one central and four 
others around tliis. Of those fil e, the 
first to start on its cai-eer will become 
the ** trichophoric a])paratus ” (Fig. 6), 
that is, the hair-like filament which will 
receive the contents of the male cell 
and transmit the infiuence of those 
contenta The second cell to he de- 
veloped, the one opposite to this, or- 
dinarily does not develop farther, 
though sometimes it will do sa The 
two lateral cells are those which are tlie 
rudiments of the spores, while it is the central cel) 
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that teoeiTaB, aobovding to all afqpaartoooi the 
direet influence of the fertiliaation and tiien trana- 
mite it to the surrounding cells. At flret the die- 
position of the cells of the fruit-bearing branch is 
quite regular^ but this symmetry is soon destroyed by 
the unequal development of the surrounding cells. 
Whilst the cell opposite to the tricho^oric appara- 
tus does not increase in sise, this latter acquiree a 
length nearly double its first dimensions. The parts 
contiguous to the central cell and the two lateral 
cells with it also iuorease 
in sise, and as a result the 
whole structure becomes 
markedly oblique, and the 
apical cell is no longer to 
be found on the axis of the 
branch (Pig. 7). 

At the period of fertili- 
sation the two lateral cells 
are, as a rule, not at all 
alike. That one which was 
separated first will already 
be perceived to be divided 
into two by a tangential 
partition (Fig. 6). If the 
fruit be not fertilised the 
cells will stand exactly as 
thus for some time, but 
once the male corpuscles 
(antheTOzoidH) unite them- 
selves with the hair-like 
cell (tricbogyne) these lateral cells will increase 
in size and divide. The partition walls will 
be often perpendicular to the axis of the branch, 
and as a final result there will be formed to the 
right and to the left of the trichophoric apparatus 
two little massoB irregularly embossed and lobed 
(Fig. 7). These are at the very first enclosed under 
the general cuticle of the plant, and while the lobes 
do not grow much they are covered during their 
development entmely by it. But as the young fruit 
grows apace and gets beyond the cell v^hich gave 
it origin, the lower jjortion of the mass pushes out 
and becomes free. Tlie lobe-like processes now 
increase in size, the outer cells at last giving origin 
each to a single spore. It is to be noti^ that 
both the trichogyne and the trichophoric apparatus 
are most remarkably persistent in this alga, where- 
as in most of the Florideas they fall off very quickly. 
This veiy persistence may be a source of error, the 
more especially in the case of fruits not fertilised, 
in which some fruitless division may for a little 
while take place in some of the cells. In a few 


raie imtsiices^ esU ba^^ 

mally developed^ putting one in w 
scale, of the growtii that sometimeB carries^^^^ 
flower-etalk beycmd the test floaial ^horL 
Having thus semi Ibe structure of the antiieridie 
and the carpogonia, it temams to be seen how 
the contents of ilie one set of cells are conveyed to 
the other ; for it will have been gathered from the 
above descriptions that the contents of the 
antheridia are, in a manner, aotivdiy discharged 
from their mother ceUs ; whereas the contents of 
the carpogonia are, on the contrary, prioi* to 
fertilisation, quite passive, and only when the 
carpospores are ripe do they escape fi’om their 
fruit-like investment The recently -discharged 
antherozoids have been studied in comparatively few 
species of red algm. In most of those in vestij^ted, 
they appear as a very minute mass dt protoplasm 
(Fig. 4), destitute of a cell wall, and destitute of 
any well-marked power of locomotion. I believe 
that in some cases I have witnessed amiebiform 
movements'* in antherozoids — that is, creeping 
movements effected by a prolongation and contrac- 
tion of their unwalled-in protoplasm. In some 
cases Bomet figures the existence of cilia *-like pro- 
longations, but even in these there was no ciliary 
movement. The number of antherozoids discharged 
from the antheridia is enormous, probably many 
hundreds for every oaq>ogoniutn feiiiilised. And 
when these escape in fiocks, it will be remembered 
that they are wafted to and fro by the outgoing 
and tlie incoming tides, as well as by local currents. 
And, in addition, it will not be forgotten that 
coursing about over and above the algm, seeking 
what they can get to devour, aro numberless species 
of tiny Crustacea {Bdriophthalmia ; Entomoetram) 
and worms, which, doubtless, must often help un- 
knowingly to whisk the antherozoids into the 
region of the carpogonia. Dr, Dodel Port is, how- 
ever, inclined to ascribe an even more intimate 
relation between some of the infusoria and the 
fertilisation of the Floridese. He seems to think 
that, without doubt, in the case of Polysiphonia, 
several little infusoria {V 0 rHcella,i JSlpietylia^ Vagini’ 
cola) facilitate the conveyance of antherozoidB 
to the trichogyne, and that they thus act in 
accordance to a natural law, in the some way as do 
the pollen-collecting bees, who by visiting some 
fiowers assist in their pollenation. Dr. Dodel Port 
gives a figure of an undeveloped carpogonium of 
PolyHphmia with its trich<^ne. On the 
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is iSgiiv^ A 8pecie8 
<al siiBj^le stalk sllgbUy o(4le^ its 

tdfiarjr lijkpftiatus liard «.i work, and with a pro- 
oiakm bids &ir to deprive itself of its ooveted 
&od it whirls in a vortex the antherosoids about, 
causing them finally to impinge right on the edge of 
the triohogyne. It would be easy to conclude that 
such an event could sometimes happen, and we have 
the wotd of so excellent an observer as Dr. Dodel 
Port to the effect that he has seen it ; and so have 
we ourselves, but then the specimen was confined 
within the narrow limits of a tliin glass cover, and 
there was no ebb and flow of tide to interfere with 
the process, and we are more inclined to think that 
what the wind is to many flowering plants so is the 


m 

water to our red sea-weeds with motionless or near! jr 
motionless antherozoida 

The I'ed alga are found all around our diores. 
There is scarcely a spot that will not yield some 
few forma They are easily collected. Most of the 
simple filamentous forms will keep in confinement 
for months, especially in cold weather and when 
not exposed to the heat of the sun. In spite of 
all the labours of many workers for the last twenty 
years, they, as living forms, pi’esent a Wide, a 
charming, and an almost new field for observation, 
in which all, strong and gentle, may help. This 
sketch of their growth and their form of repro- 
duction u merely meant to lift the curtain, and to 
show what treasures of knowledge lie behind it. 


A COCKROACH. 

By F. Buchanan White, M.I)., F.L.S., etc. 


I SUPPOSE there are few, if any, persons who 
are ignorant of the existence of the little animals 
commonly, but erroneously, termed ** black beetles ” 
(Fig. 1), and yet how many are tliere — outside the 
ranks of professed entomologists — who perceive in 
this ** blaojc beetle ** anything beyond a loathsome 
and destructive beast ! Take a lighted candle and, 
treading softly, go at midnight to the regions saci-ed 
during the day to the cook. Over the floor glide 
numerous dusky forms. They are “only black 
beetles insects destructive, evil-smelling, alto- 
gether, unattractive. However, if a few are cap- 
tured, and killed by being dropped into a cup of 
boiling water, we shall soon learn by a study of their 
bodies that even the poor beetle that we ti*ead upon 
is capable of imparting useful lessons in zoology, 
anatomy, and the laws of geological and geographi- 
cal distribution. Turning, out our captures on to a 
sheet of blotting-paper, we will notice that they 
are of various sizes, and of a shining very dark 
mahogany or chestnut colour aibbve, but rather 
paler below ; so whether they are “ beetles ” or 
not, they are certainly not black. Then we will 
observe that of the largest spedmens, some have 
leatheiy wings lying on the top of the hinder 
thiwe^fourths, but not reaching to the end, of the 
body ; while in others, the hinder three-fourths of 
the body are uncovered, and the leathery wings are 
only rudimentary. The latter, as we will learn 
proBM^ntly, are females (Fig. 1)* Looking next at 
the smaller specimens, it will be seen that beyond 


having no wings or rudiments of wings, they do 
not differ very much fi*om the larger examples 
except in size ; and if we have been judicious in 
the selection of our specimens we will find that they 
are of all sizes, from quite small up to nearly the 
magnitude of the winged individuals. These small 
ones we may rightly imagine to be the young ones 
in various stages of growth (Fig, 1). Now we know 



Fig. 1.— A Cockrosoh. Mile (a) } Feiiial« (b) j ‘ 


(or oiight to know) that beetles in the young or 
preparatory stages are not the least like the mature 
beetle, but are, after they have emerged from the 
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tfggt first in the form of maggote (of -whidi the 
won|i and iheal-wom are familiar instances), and 
afterwards in that of a quiescent chrysalis or pupa. 
Our ** black beetles ** there&m are not beetles at all, 
and we have ocular demonstration that they are 
not black. What then are they 1 

Take one of the individui^ with wings, and 
examine him. When placed with his 1^ under his 
body, the liead will be almost hidden below the 
roundish shining plate which covers the upper part 
of the front pi^ of the chest, and is technically 
known as the ** pronotum,” In firont of this a little 
bit of the head projects, but the greater part of it is 
tucked underneath and rests against the front part 
of the chest, so that to see it we must turn our cap- 
ture on to his back. If you have a magnifying glass, 
a pair of fine-pointed forceps, and a stout needle, 
they will be nseful in the examination. The |iari 
of the head now exposed is — though, when the 
animal was alive, directed downwards — the upper 
surface. On each side are the large kidney-shaped 
compound eyes (Fig. 2, a, c), the surface of each of 
which is composed of a number of six-sided facets. 
Close to the inside of the eyes are inserted the thread- 
like many-jointed antennse, as long or longer than 
the boily. Immediately above the insertion of the 
antennse is a small yellow mark on each side, which 
is supposed by some authors to indicate the place 
where the simple eyes ought to be. The mouth 
and oigans of mastication, which occu}>y the narrow 
apex of the head, are rather complex in structure. 
From the point of view in which we are looking 
at the insect, the most conspicuous part is the 
entire upper lip or lahriua (ITig. 2, c, a), below 
which, on each side, lie the strong horny mandibles, 
or upper jaws, toothed at the tip and on the inner 
siiiface ; these, it must be remembered, do not work 
perpendicularly as our jaws, and those of all warm- 
blooded animals do, but horizontally (Fig. 2, C, b). 
Below the mandibles, though scarcely visible from 
this point of view, lie the maxillsB or lower jaws 
(c, c) but their palpi or feelers can be easily seen, as 
they extend considerably on each side of the head. 

To see the rest of the structure of the mouth, we 
will have to cut off the head and examine the under- 
side (Fig. 2). Viewed from below the parts of the 
mouth are as follow : — At the base a somewhat 
square-shaped middle plate, the chin or mentum, 
close to the back part of which, and hinged to the side 
of the lower surface of the head, is situated on each 
side one of the above-mentioned maxillae or lower 
jaws. Each maxilla consists of four joints, of which 
the basal one is called the cardo, afid the second^ 


whbh is articulated to It at ri^aagla^ istdbe 
At tim aqpex of the stipes are two lobes or jointSi 
of which the outer one (^e (j^ha) is soft^ and serves 
as a shield (itjongh probaUy an otgan of sense) to 
the carved inner lobe, whose inner edge is sharp 
and toothed so as to adapt it for cutting. To the 
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outei" angle of the summit of the Hipes is articulated 
the five-jointed maxillary palp. At the apex or 
free end of the mentum is the labium (c, e) or lowei* 
lip, bearing on each side the three-jointed labial 
pdp, attached to the summit of n small piece called 
the palpiger or palp-bearer. The apical half of the 
labium is divided into two lobes which constitute 
the ligtday and each of these two lobes is again 
divided at the apex into two smaller lobes. It is 
considered, and it seems veiy probable, that the 
labium and its appendages are in reality a some- 
what altered and coalesced pair of jaws (similar to 
the maxillce), such as we find in an unaltered 
condition in the Orustaoea (or Crab and Lobster 
family). 

These then are the external paints of the mouth, 
the internal arrangements of which we will pre* 
sently consider. 

We have already seen that the young (Fig. 1) 
resemble (except that the wings are abs^t) their 
IMirents very much, and we have just discovered that 
the parts of the mouth are constnicted for biting, 
and not for sucking. Now if we leave out of the 
question those orders of insects which are never 
provided with wmgs, namely the Collembola and 
Thy$anura (the Springtails), and the MaJO/apha^ 
and r^ieulvna (various families of lice), we will 
find that our ** black beetle ” must belong to the 
order (Mhaptimit (so called from the straight 
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the wihgt of nuMkt of i^e i^ies 
am ixidodes^ in addition to the eock- 

grasstioppem loeuatoj eridket% stiok- 
and-}mi( toseete; and earwiga In the etructture of 


the montli the Otthoptera resemble in many respeots 
the orders Obleoptera (beetles), Hymenoptera (bees, 
wsqM, ants, dra), and Neuroptera (caddis-flies, 
white ants, dec.), but all these undergo what is 
called a ewnypl^ ie., in their pre- 

paratory stages they are very unlike what they are 
in the last or perfect staga In having an inconi- 
pkU metamorphosis (ie., as has been already said, 
the young closely resembling their parents at all 
stages of their growth) the Orthoptera come near 
the Hemiptera (or bugs), but the latter have a very 
dijBerently constructed mouth, never fitted for bit- 
ing, but for piercing and sucking. 

To return now to our cockroach. As in other 
insects the body of the cockroach may be said to 
consist of three chief j>ai*ts, the head, the chest or 
thorax, and the abdomen or hind body. 

We have already examined the external structui'e 
of the head, so need not go over it agaia 
The chest or thorax we can first examine in a 
young one, and then see how it is modified in the 
|)ei*fect insect. It is made up of three rings, seg- 
ments, or somites, to the under side of each of which 
is attached a pair of legs. Each 
leg (Fig. 3) consists of five parts ; 
at the base is the coxa, with a 
smaller piece, the trochanter, be- 
tween it and the thigh or femur, 
following which is the tibia, bear- 
ing the six-jointed tarsus, the last 
joint of which is provided with 
two curved and sharp claws. 
Each pair of legs is alike, though 
differing in size. The thighs are 
Pif. 8.~L0sr of Cook- armed with a few, and the tibiae 
witii many, small sharp spines. 
The first ring or segment of the chest is on the 
upper surface (or back) expanded into a broad 
plate overlapping tlie head, and forming the pro- 
mtunh In the young cockroach and in the female 
adult, the next two rings are also visible from 
above, but in the male when the wings are closed 
tliey are not visible. If we raise toe wings of the 
mide, we will be able to see that the first pair is 
aitaehed to the side of toe second ring, and the 
aoeond i>air to the edge of the third ring. Tlie 
fttmt wings (or as they are termed in the Orthop- 
tic the tefmina) are brown and much stiffer and 
lm(m homy than the thin hind wings, which are 
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moreover folded loxigitudinally. Both pairs are 
strengthened by thicker veins or nervures. In the 
male the wings do not reach to the end of the ab- 
domen, and it is probable that in this species they 
never serve as organs of flight. In toe female toe 
front wings are veiy small, and the hind pair seem 
to be altogether absent, but at the place on toe 
third ring of the chest where they ought to be, are 
triangular wrinkled marks which pix>bably repre- 
sent them. 

The abdomen or hind body is, like toe thorax, 
comjKMsed of rings or segments, the number of 
which appears to differ in the sexes, and also ac- 
cording as the upper (doml) or under (ventral) 
surface is looked at. In the male, nine segments 
are visible above and eight below ; in the female 
eight can bo seen above and seven below ; but in 
both sexes there is reason to believe that there are 
in reality eleven above, though some are much con- 
cealed, and others altered in form. To each side 
of the tenth dorsal segment is attached a short 
spindle-shaped appendage, consisting of many joints 
and called toe cercus. It is probably an organ of 
touch, but its exact use is unknown. In the male 
toe ninth ventral segment is provided on each side 
with a short uiyointed appendage called a style. 
The structure of the aj)ex of the abdomen varies 
according to the sex. 

The fact of the domestic cockroach being so 
common an insect, and of a convenient size, has led 
to its internal structure having been frequently in- 
vestigated. Like other insects, and theii* allies, the 
skeleton or framework to which the muscles are 
attached is external, and consists of the homy 
material called chitine. There is no proper intemal 
skeleton, but there are processes or projections on 
the inside of the chitinous integuments, or external 
skeleton, sometimes reaching from side to side, 
which supply the place of ai; internal framework. 

The alimentary canal (Fig. 4), which is almost 
twice as long as the body, begins at the mouth, 
which, as already described, is furnished externally 
with a complex arrangement of jaws and palpi In 
the middle of the mouth is the tongue, attached to 
the inner side of the labium, in front of the gullet 
if). The latter, after jjassing through the neck and 
thorax, gradually widens out into a large crop (c). 
which is followed by the pear-shaped gizzard i^i). 
This organ (toe gizzard) has very muscular walls, 
the inside of which is provided with strong teeth. 
These teeth, which are formecl of chitine — the horny 
material already mentioned as forming the external 
skeleton, and which also Unas too inside of the 




. iffioieii'ta^ ouial £cobi iii6 dioutb to tito 
ato wraa^ thus :—Bx kargeridgeJilice to^, with 
smaller ridges between ea<dt pair and stiU dner 
i^idges between these again. Behind the teeth {ie., 
towards the narrow end of the ghcsard) are six 
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ciiBhions set with fine bristlea The gizzard opens 
into another wide tube — ^the ventriculue (v ) — into 
which also open seven or eight smaller tubes (a), 
of varicms lengths, and closed at one end. The 
rentriculus joins the intestine proper, consisting of 
first, a narrow tube, the ihum {%) ; second, a wider 
tube, the colon (co ) ; and third, a short straight cana], 
the rectum (r). At the place where the ventriculus 
joins the intestine, a considerable number of slender 
tubes — 'the Malpighian glande closed at one 
end, open into it In addition to these structui'es 
the alimentary canal is provided with two ealimrg 
glande {eg). These lie cm each side of the gullet 


and crop, end s«e ab^t one^feinr^ 

Better belund glandtiiie 

redepkuihe (e*^)y two in number^ and 
com|)ared to a. bag with a long tdb^^tfce mouib; 
These tubes job tubes which come from the 
salivary gland } and all of them unite bto cue (13ie 
mlimrg duct) which q>ens bto the mouth under* 
neath the tongue. 

As in other insects, the blood ci6rculakn*g eyeim 
is not very complex. The representative of the 
lieart of more highly organised animals is a alend^ 
tube lying b the middle line of tlie back of the 
abdomen and communicating with the thorax 
and head by a fine canal Along each side there 
are a series of openings, but with the exception of 
the canal b front, there seem to be no vessels 
(ie., veins and arteries) given off by the heai*t. 
The blood, which is a clear, cold, almost colourless 
fluid, is driven through the body by ihie pulsations 
of the heart, findbg its way in the spaces between 
the various organs, and batbbg the latter. 

The breathing egetem is similar to that of other 
msoots.^ On each side of the body are ten openings 
(two m the chest, and eight b the abdomen) called 
epiraclee or stigmata. Those b the chest will be 
found situated between the segments or rings 
which form it: the abdombal ones are rather 
concealed, but may be seen by taking a recently- 
killed cockroach and puUbg the abdomen gently 
so as to slightly 8e[)arate the segments. The 
spimcles can then be seen at the angle fr>rmed at 
the back of each segment by the junction of 
the upper and under surfaces, and look like 
the ends of fine tubes pointing baokwarda 
Within each is a valve by which it can be 
opened or closed. The spiracles are connected with 
slender branching air-tubes or trachece, which 
ramify through the body of the insect. These 
tubes aie composed of two (or b the larger branches 
three) membranes, between which a thread-like 
fibre runs spirally round the tube and strengthens 
it. Immediately after leaving the spiracles, the 
trachem divide bto two, one branch going to the 
upper (dorsal) side, the other to the lower (ventral) 
side of the body. The dorsal branches job b a 
series of arches on each side of the heart, while the 
ventral ones are connected by longitudinal titinka 
Their finer branches supply the other interiial 
oxgans, viscera, nerves and musolea The wbgs 
also, when they aie present, have a suf^y 
of Araohem rux&mng along the nervurea The h^: 
and its organs are supplied tram the epirikdes tMl' 
» -SkSmo# fw AU.* Vdi, t, p. ISe f TsL |i. W 
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opea between the first and second segments of the 

As in other insects, the TiervQua consists 

of a aeries of ganglia (masses, or as it were dep 6 ts, 
of nerve material) connected by nerve-cords. Of 
these gangiia two are in the head, one (the so-called 
brain) above, and the other below the gullet ; each 
of the three segments of the thorax has a large 
pair, and there are six smaller pairs in the abdomen. 
The two ganglia forming each pair (both in the 
thorax and in the abdomen) are coalesced or closely 
united, and each pair is joined to the following by 
two stout cords. This thoracic and abdominal 
series of ganglia is situated along the under side of 
the animal, and not on the dorsal or upj^er side, an 
arrangement contruiy to what occurs in the higher 
or vertebrate animals, where the chief nervous 
83rstem lies along the back. All the ganglia give 
off smaller nerves wliich go to different parts of the 
body. Thus the one below the gullet supplies the 
parts of the mouth ; the thoracic ganglia aupj)ly the 
thorax and its api)endageR, i.c., the legs and wings ; 
and the abdominal ganglia supply the muscles, &c., 
of the abdomen. The ganglion which is situated in 
the head above the gullet is connected with the 
antennsB and eyes, and is in addition joined to 
another set of nerves, also provided witli small 
ganglia which supply the gullet, crop, and gizzard. 

Perhajm, among the specimens we have seiaired, 
there may be one which by its shortened wings and 
other features, we now know to be a female, but 
which has apparently attached to the extremity of 
its body u large oblong object, nearly half as long 
as the abdomen. Examining this object we will 
find that it is oblong-obtuse in shape, one etlge 
being very convex, and the other furnished with an 
acute saw-like toothed margin. The sides are 
convex, and each is marked with eight transverse 
impressions. In colour it is at first whitish, but 
afterwards becomes brown. Tins is the egg capsule, 
and it presents a point of i)eculiar interest in the 
natural history of the cockroach, , unlike anythmg 
known to occur amongst other insects, which usually 
loposit their eggs one by one, and never in a 
common receptacle; some members of the order 
Orthoptera, however, lay their eggs in miisses, 
thot^h not in a capsule. A still more interesting 
fact has been discovered in the life history of an 
Indian cockroach, which not only does not produce 
a capsule, but is viviparous, t.e., the eggs are not 
laid but are hatched within the body of the jiarent 
insect, and are then brought forth. This })heno- 
menon occurs in some other insects, but is rare. 

138 


In ti^xture the capsule is horny, and along tlis 
acute maigin is a slit with saw-llke edges, the teeth 
of one edge fitting tightly into the teeth of the 
other, and moreover strengthened with a kind of 
cement. If we detach the capsule and out it open 
we will find that it is divided into two spaces, each 
containing a row of chambei’s, and in eack chamber 
a single egg. The external transverse impressions 
indicate the number of chambers, which in the 
capsule of the common domestic cockroach ai^ 
sixteen. The capsules of other kinds of cocki-oaches 
have a different number, some liaving as many as 
thirty. The animal takes some time— even so long 
as a week — in giving birth to the capsule, and then 
selecting a safe place for its dejwsition, secures it 
thei'e by a glutinous secretion. 

The eggs are cylindrical iu form, and being pro- 
tected by the capsule have thinner and more trans- 
parent integuments than is generally the case in 
insects. Hence they are well adapted for studying 
the development of the embryo. 

When the eggs hatch the young cockroaches dis- 
charge from tlieir mouths a fluid, wliich softens the 
cement that closes the slit, which they are then 
able to push oi)en and make their escape, the slit 
closing again behind them. 

When newly hatched the young animals are 
white and somewhat transparent, but after a short 
time become darker. As hrts been already men- 
tione<l, there is at first no vestige of wings, which 
are |:»eculiar to the perfect condition. In most 
other respects they resemble their parents, except 
in being paler in colour and of course much smaller. 
But they soon begin to grow, and as their skins do 
not grow with them, they are obliged to change 
them or moult. How often the change of skin 
takes place iu the common house cockroach is some- 
what uncertain. One observer says tliat it moults 
seven times, the first moult taking place as soon as 
the insect is hatched, the second at the end of a 
month, and the i*emaining five at intervals of one 
year, so that the perfect condition is not attained 
till the insect is five yeara old. According to 
observations made by anotlier naturalist on another 
species there are six moults, and the insect becomes 
adult in from four to six months from the time 
that the eggs are hatched. In moulting, the horny 
skin splits along the middle line of the back of the 
head, thorax, and abdomen, and the insect emerges, 
from the opening thus made, clad in a new skin 
which, at first soft, soon hardens. 

There does not appear to be, in the common 
cockroach, any particular time for egg-laying, as 
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tliQ inseotB of all ages may be found at any time. 
Only one capsule at a time is produced by a female 
ooclu*oacb, but how many it can produce in its life- 
time is uncei*tain, as is, in fact, the length of the 
duration of life. Though fram the very first the 
young ones have a tolerably close resemblance to 
their parents, this resemblance increases with each 
change of the skin, and is more especially visible 
in the gradual development of the segments of the 
thorax. It has also been noticed that if the 
antennae are cut off near the base in the very young 
cockro?u5h, they will be reproduced to a certain 
extent at the next moult — a fact whicli, though 
not peculiar to this insect, is yet of considerable 
interest. 

It is said that the march of empire is westerly, 
and this seems as time of cockroaches as of men. 
Our common domestic cockroach, though now so 
widely distributed, is not an aliorigiiial native of 
this country, but an invader who “ came in ” at no 
very distant date. When it first made a land- 
ing is uncertain, but it is only about ninety years 
since Gilbert White recorded its first arrival at 
Belbome, only fifty miles from London ; and it 
was not till about 1735 that it reached Sweden. 
It is supposed to liave been oiiginally a native 
of India, and to have imched us in sbij^s from 
Asia Minor, but as it is now so Avidely spread all 
over the world, it is difficult to determine what 
country has tlie invidious distinction of having 
given birth to Blaita, or Periplaneta, orientalis. 
Blatta^ it may be remarked, is an old classical 
name, applied by the ancients to some unknown 
kind of insect, but now used by modem naturalists 
to denote a genus of cockroaclies. Feriplaneta, 
the more correct generic name of the insect under 
discussion, is derived from the Gi*eek word jyeri- 
planaortiai^ and was given in allusion to the facility 
with which the cockroach has wandered all over 
the world, while orientcUia, which is the specific 
name, indicates the supposed or real eastern origin 
of the speciea 

Wherever it came from, P, orientcdis is a true 
Anglo-Saxon in its capacity for colonisation. In 
Britain it has established itself all over the length 
and breadth of the land, but is chiefly, if not 
alt(^ether, confined to houses, inhabiting kitchens, 
sculleries, bake-houses, and sucb-like places, where 
plenty of food can be obtained. Nothing that is 
eatable (and many things that are not usually con- 
sidered edible) comes amiss to this voracious animal, 
than whom it would be difficult to find a more 
omnivorous creature. In addition to almost eveiy 


article of humlm food, such appmntly unp^abto 
objects as woollen garments, the greasy rags used 
in cleaning steam-engines and other machinery, 
shoes and other articles of leather, and ev^ boob 
and paper enter into its bill of fare. In warehouses 
and on board ships the ravages it commits are 
great, whole barrels and sacks of flour, com, rice, 
and other articles of a like nature being sometimes 
consumed by it. Amongst other things cinnamon 
is said to possess great attractions for the cockroach 
palate, and there is a scandal to the effect that those 
whose business it is to reduce the cinnamon sticks 
to powder are not very careful to separate the 
spice from the insects — which sometimes constitute 
nearly half the contents of the bags — but tumble 
them altogether into the milk 

Though to its other crimes the cockroach does 
not apparently add that of cannibalism, the cast 
skins and the interior of the egg-capstiles are said 
to be eaten by them, and other insects are occa- 
sionally devoured. Amongst the latter is said to 
be the common bed-bug, which, if true, is a point in 
favour of the cockroach. 

In habits P. orimUalis is strictly nocturnal. 
During the day it hides in crevices in the floor, 
behind the wainscot, or in any other dark hole, 
where it lurks till the darkness and quiet of night 
tempt it forth. It seems to be fond of warmth, 
as it is always found in greater abundance near 
fireplaces and ovens. Though this or some allied 
species of cockroach was well known to the an- 
cients, and termed by them Ludfugoi because they 
ran away from the light, it is not quite certain that 
it Ls not the sound of the footsteps of the person 
carrying the light rather than the light itself which 
alarms them. 

They run with great celerity ; but, though quite 
able to ascend perpendicular surfaces, they do not, 
as a rule, when established in the kitchen, ventui^e 
up-stairs. Probably, the larger supply of food and 
greater warmth tend to prevent them from wander- 
ing from the kitchen and its adjuncts. When 
seized they discharge from their mouths a brownish 
fluid of most disgusting and persistent odour, 
which, moreover, clings to any objects over whicli 
they have crept. This, in addition to their 
voracity, makes them most undesirable inmates of 
a house. 

Bad as our domestic oooki'oacb is, its ravages are 
trivial in compaioson with those of some of the 
tropical species. For example, in the West Indies 
the giant cockroach (P. gigantea), a specieB manv 
times the size of Feriplaneta must be an 
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intolWkble nmaan^ It aometimeB swarms in old 
houses to an incredible extent, devouring almost 
evetything and defUing what it cannot devour. It 
is said even to attack sleeping persons, and gnaw 
the ends of their fingers and toes ; and, such being 
the case, it maj be imagined that it does not spore 
the dead. In addition to all this, it is able to make 
a noise like a sharp tap on wood, whence it has 
been called the ** drummer,’’ and this tapping it 
keeps up throughout the night. 

Peripkmeta orientcUia is not the only cockroach 
that we have in Britain. There are at least two 
other introduced species, besides several indigenous 
ones. The latter are mostly small insects which 
live out of doors, on the sea-shores or in woods 
and on heaths, and are not strictly nocturnal in 
their habits. 

Of the introduced species, the firat place may be 
assigned to Periplamta americana (Fig. 6), which, in- 
troduced with sugar, <fec., in ships, from the warmer 
parts of America, has now established itself in 
several parts of Europe, some of them far inland. 
It is not generally, though occasionally, found in 
houses, but sometimes swarms in ships, docks, and 
hot-housesi In the latter it probably does damage 
to the plants, and especially to orchids, inside the 
]>seudo-bulb8 of which it, in company with five 
other kinds of cockroach, has been found. (Ano- 
ther cockroach — Blatta has also 

been found injuiious to orchids in tills country.) 
P. anvericana is bigger than P. orienUdia^ and in 
both sexes the wings, both front and hind, are well 
developed, so that it can fly. Like P, orierUalia^ it 
is nocturnal in its habita 

Another piobably introduced species is Blatta 
garmanicaf a considerably smaller insect and a 
native of Euro^ie. Its distribution in this country 
is uncertain, but it has been taken in London and 
its neighbourhood. Unlike the common domestic 
species, it is not entirely nocturnal in its habits, 
but comes out in the day-time, running up the 
walls and over thh tables, as well as flying about. 
Neither is it entirely confined to houses, as it more 
properly lives in woods, but, like other cockroaches, 
it has a great power of adapting itself to circum- 
stances, and, when once established in a house, 
makes itself quite at home. It has been noticed 
that in some places P, germanica has been driven 
out by the larger P. orierUdHay but in others the 
reverse has happened. There is still another species 
which has been introduced with merchandise into 
London and elsewhere — viz., Panchlora 
% native of the island of Madeira; and, very 


probably, there may be others which have gained 
a local footing here and there. 

In Lapland, one of our small native species, 
which in this country does not appear to come into 
houses, occasionally swarms in the huts of the 
Laplanders, and does great damage to their winter 
store of dried and salted fish. 

As a family, the cockroaches have an immense 
antiquity. Though neither they nor any other in 
sects have yet been found in the oldest fossiliferous 
stmta, they make their a]>pearance in the palteozoic 
or primary rocks, numerous remains having been 
discovered in the coal measures of the Oarbonifeioiis 
period. In fact, judging from the abundance of 
the remains of cockroaches as compared with those 
of other insects, the family had i)robably even then 
a great antiquity. Of course, these ancient cock- 
roaches are not identical with those of the present 
day ; but, considering the imineuso (and by us un- 
appreciable) period of time that stretches between 
then and now, they are wonderfully alike, and 
were even then highly specialised. 

In addition to man, cockroaches have other 
natural enemies. Notwithstanding their bad odour, 
hedgehogs, ducks, and some monkeys, will eat 
them, and the first-mentioned animal is sometimes 
kept in houses on purpose to devour them. B\it 
besides these, they have their own ])eculiar foes. 
Amongst thew there is a curious beetle — Symhiua 
biattar um — whicli is parasitic in the bodies of 
P. americana and B. germanica, while several 
ichneumon flies are parasitic either upon the insects 
themselves or upon their eggs. Another fly — allied 
to the wasps— in warmer countries provisions its 
nest with cockroaches, stinging them so far as to 
paralyse them, but not to kill them outright. Our 
common domestic cockroach is also infested by 
parasites of a much lower type, such as Gregarina 
hlattarum, and at least five or six other animals 
which live in the intestines. Finally, the common 
house-cricket — itself a destructive j)est — is said to 
attack and eat the common cockroach ; but this 
has been denied. 

A word or two on the best means of ridding 
houses of cockroaohes—deduced from the scientific 
facts mentioned — may fitly conclude this paper. 
An old and serviceable method is to use a small 
box in the lid of which is a round hole fitted with 
a glass rim, which, while permitting the entrance 
of the insects, prevents their escape. Some attrac- 
tive bait is put into the box, and in the morning 
the captives can be destroyed. A more effectual 
mode of destruction is the use of powdered bomx 
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iprinlded in their haunts. The effioaoj of this is use of an insect powder which oonsists the 
vouched for by one of our foremost entomologists, powdered flower-heads of Pyrelhrum r0$ewn and 



Fig. 6.— PniPlARRl (BunA) AVtMCAIIA. 


who declares that he made his kitchen fi-ee of cock- other si^cies of PynUtnm. This powder, sprinkled 
roaches by the use of borax daily for two or three in their hiding-places, is said to speedily give a 
weeks. Another way, also highly praised, is the “ happy despatch” to the “black beetles." 





HOW BLEOTRIOrTY IS GENERATED IN THE AIR. 383' 

HOW ELECTRICITY IS GENERATED IN THE AIR. 

By lioBBUT JAMBji Mann, M.l).* F.R.C.S., F.R.A.S., irc. 


I N a former paper describing the general charac- 
teristics of thunderstorms,* allusion was made 
to a previous description of the instiTiment that is 
most generally employed for detecting the presence 
of faint manifestations of electrical excitement. 
When, however, it is the free electricity lodged in 
the air which has to be dealt with, a somewhat 
important modification of this simple piece of ex< 
perimental apparatus has to be m^e. Two light 
pith balls are used instead of one, and those balls 
are suspended by fine metal threads^ instead of by 
fibres of silk, and are caused to hang down into 
the interior of a bell-shaped cover of glass from 
the bottom of a copper rod, which is 
prolonged upwards above the glass 
cover for a^ut twenty-four inches, 
and then terminated in a ][X)int, 
as represented in the annexed figiu’e 
(Fig. 1), in which the apparatus bears 
the form that is known as De Saus- 
sure’s electrometer, in reference to 
the name of the distinguished Gene- 
vese professor and traveller, who 
’ A 1 coii^rived and first employed the 
/ \ I instrument. De Saussure used this 
I V I a-ppat^tus in his early investigation 
r conditions of atmospheric 

electricity nearly a century ago, 
and it still continues to be fre- 
’^Atm^pheric“S!e(J ouently employed for the same 
purpose on account of its conveni- 
ence and simplicity, even although more sensitive 
instruments for testing the electrical conditions of 
the air have since been devised and brought into 
operation. 

If a piece of sealing-wax which has been biiskly 
rubbed by a dry and well-warmed pad, composed 
of two or three thicknesses of flannel, be brought 
into contact with the upper part of the copjier rod 
of this apparatus of De Saussure’s, the pith balls 
suspended within the glass reservoir beneath, im- 
mediately become each of them equally charged 
with the electrical force generated u^ion the seal- 
ing-wax by the friction, and repel each other in 
consequence of this charge, so that they stand 
apart, as represented in the figure, instead of hang- 
ing closely together as they did before they were 
influenced by the electric disturbance. If, how- 

♦ “Soit»ncf5 for All,” Vol. I., p. 


ever, when they are in this repellent state a glass 
rod which has been briskly rubbed in tl^e same 
way by a piece of warm dry silk be brought into 
contact with the copper stem of the apparatus, the 
divergent balls immediately fall together, in con- 
sequence of the electrical state into which they had 
been thrown by the excited sealing-wax being 
neutralised and removed by the different electrical 
state which is called up on glass when it is in its 
turn subjected to frictioiL It must here, therefore, 
be marked and remembered as a great fundamental 
axiom in electiical science, that thei*e ai^ two dis- 
tinct and opposite states of electrical activity, of 
which one is called the resinous electiical state, 
because it is manifested when sealing-wax or resin 
is rubbed, and of which the other is called the 
vitreous electrical state, because it becomes mani- 
fest when a vitreous substance, like a glass rod, is 
subjected to the same treatment. It has been 
found convenient to speak of these different states 
as if they were produced by the presence and ope- 
ration of distinct and antagonistic agents, which are 
both distinguished as electricities. § The alter- 
native phrase of “opposite electrical conditions,” 
which is also very commonly employed, is, no 
doubt, in some sense more satisfactory. But in 
regard to any of these modes of expression it must 
be kept carefully in mind that in dealing with 
matters of this class science continually employs 
terms and language which enable a familiar con- 
ception of the whereabouts of truth to be formed 
through an arbitrary assumjition. As a mattcu* of 
fact no one yet knows what the agency termed 
electricity actually is. But it is nevertheless found 
convenient to speak of that unknown agency under 
a definite name, on account of the opportunity 
which this affords of a Bhoi*t cut to an intelligible 
explanation of modes of action — of ways and mean^ 
— which could only be otherwise reached by a 
round-about progress through a devious and more 
perplexing rotite. The two electricities are, there- 
fore, in this place to be accepted merely as a con- 
venient fiction of science, which may ba advan- 
tageously emidoyed to simplify the description 
of results. It is the effects which can be observed, 

§ The remnoui electrioAl state is also spoken of as negative, 
anrl the vitreous state as positive, in reference to the notion of 
Franklin that in the one condition the so-called imponderable 
agent which in his time philosophers conceived electricity to 
be was wanting, or absent ; and that in the other ease it was 
largely <iCOumulated, or redundan 
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nevertheless^ and not the assumed agency, that 
constitute the cireumstanoes that have to be dealt 
with by the understanding of the reader.* 

The familiar conception of electrical agency is 
based upon the assumption that all bodies in the 
natural and undisturbed state contain within them- 
selves two distinct kinds of electricity which satu- 
rate and neutralise each other when they are com- 
bined together in proper amount, and then maiiifest 
none of the active characters of the electric state, 
but which both become active and demonstrative 
as electrical force when this close union is dis- 
turbed, and the two kinds are severed from each 
other. The French electrioian Du Fay first noticed 
the existence of the two distinct kinds of force. 
He discovered their difference in this simple way. 
He observed tliat a small fragment of gold-leaf 
floating in the air was attracted by a glass tube 
which had been rubbed by silk, and that it was 
immediately rapelled by the glass rod after it had 
once touched its surface, and so acquired its own 
proi)er electrical state by the contact. But he also 
remarked that a rubbed stick of sealing-wax at- 
tracted the gold-leaf which was at the time rejielled 
by the glass. He hence instantaneously inferred 
that it is one of the essential attributes of the two 
distinct kinds of electricity to enable bodies that 
ara charged with the same kind to repel each other, 
and to cause bodies that are charged with difterent 
kinds to attract each other. The repulsion of the 
pith balls of De Saussure’s electrometer when its 
rod is touched with excited glass is due to this 
circumstance : they repel each otlier because they 
share equally between them the charge which is 
communicated to the instrument from the excited 
glass. 

The discovery that some bodies readily transmit 
charges of electncity along their own substance, 
and that others prevent or imi)ede their passage, 
was made in 1729 by Stephen Gray in the manner 
described in a previous article.f 

Pack-thread and wire hence came to be called 
conductors of electricity, and silk to be considered 
as an impediment to transmission, or, in other 
words, an insulator and imprisoner of any elec- 
trical charge. Metals, charcoal, and moist sub- 

* What in familiar language are oaUed opposite electricities 
are almoet certainly oppotite molecular conditions of material 
•ubetance. But the familiar language, rather than the im- 
proved and advanced phraseology, is designedly used in these 
pages, because it is sciuroely possible within the narrow limits 
of a popular article to make plain all that has to be told regard- 
ing the nature of atmospheric electricity, without the help of 
this device. 

t ** Science for All,” VoL IIL, p. 58. 


stances, indluding the .bodies df living vegetables 
and animals, were all found to be oonduotors of the 
electric charge, some more and some less. Silk, 
india-rubber, glass, sulphur, wax, resin, and dry 
paper, on the 6ther hand were all ascertained to be 
insulators, or impediments to the toansmission of 
the charge. This discovezy of the conducting and 
insulating powers of different kinds of bodies was a 
circumstance of the utmost moment, because it was 
through its instrumentality alone that it became 
possible to accumulate and confine charges of 
electrical force, so that they could be made the 
objects of investigation and experiment. 

The pith ball electrometer contrived and adopted 
in his researches by De Saussure is quite com- 
petent to afford a ready indication of the presence 
of an electrical charge, and it is also capable by the 
alternate use of excited rods of glftss and sealing- 
wax of indicating the kind of electricity which is 
concerned in producing divergence in its balls. ^ 
There is, however, another form 
of electrometer, which is now re- 
garded with even greater favour 
than De Saussure’s on account of 
its Biqwrior convenience and sensi- 
tiveness. In this strips of gold- 
leaf are substituted for the balls of 
pith. This form of instrument was 
invented by an electrician named 
Bennet, and is therefore known as 
as Bennetts gold-leaf electrometer 
(Fig. 2). The strips of gold-leaf 
are so light, and at the same time 
of such high conducting power, 
that they fly boldly asunder under 
the most trifling disturbance of the 
electrical equilibrium. When this 
form of instrument is used for ex- 
amining the electrical condition of 
the air, the copper rod carrying the Jild.iwf’ 
strips of gold-leaf is terminated under an ElccirloU 
above by a clip instead of by a 
point, so that a small piece of sponge saturated with 
spirit of wine may be fixed in it. The spirit is 
then set light to whenever any observation is to 
be made, and it is found that the flame in such 

t The terms ** ixHiitive ” and negative ** will henceforth be 
used in the following explanations, without the synonymous 
appellations of ** vitreous ” and ** resinous,” as the distlnotlve 
designations of the two different kinds of electrical state. But 
the reader is requested to bear in mind that those terms are 
employed simply as convenient distinctions sanctioned by very 
generrt adoption, and not in any sense as implying the ao- 
oepcanoe of the theory of Franklin with which they were in 
the first instance associated. 
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droumstanoeB gatiiers in the charge of electricity 
ft*om the air much more readily than any form of 
jK)mt would do. 

It will be thus understood that there are two 
cardinal facts which it is necessary to keep pro- 
minently in mind when entering upon the considera- 
tion of atmospheric electricity from the meteo- 
rologist's point of view. First, the existence of two 
quite distinct electrical states, which are capable of 
manifesting themselves by the familiar efieots of 
attractions and repulsions ; and secondly, the two 
opposite properties of insulation and transmission 
which different classes of material substance ex- 
hibit for these states. Having premised thus much, 
it now becomes necessary to trace one other result 
which follows naturally as a consequence of these 
conditions. Tliis consequence of the relation of the 
two electrical states to insulating and conducting 
substances has been incidentally touched upon in 
a previous paper on “ Thunderstorms,^’* but in 
order that the meteorological conditions of thimder 
and lightning may be fully understood, it has 
been found necessary to amplify somewhat the 
elementary details there given. 

There is, perhaps, no doctrine of physical science 
which is less generally comprehended than the one 
which is comprised in electrical induction. Tlie 
principle involved is, nevertheless, more or less 
operative in all electrical phenomena, and it is 
hardly too much to say that there can be no 
adequate grasp of the meaning of such phenomena 
without its aid. At the first glance this matter 
bears, for the uninitiated, a very complicated and 
perplexing look ; but fortunately it is by no means 
so formidable as it appears when it is approached 
through the easy road of direct experiment, which 
indeed was the method that was in the first instance 



pursued at the time of its original discovery by 
Stephen Gray. This ingenious experimenter 
placed a fiat lath of wood upon an inverted 
tianbJer, as represented in Fig. 3, and then 
♦ Science for All,” VoL L, p. 263. 


scattered a few fragments of gold-leaf upon a stand 
(a) three or four inches beneath one end (b) of the 
lath. Having made this arrangement of his rude 
apparatus, he rubbed a glass rod briskly until it 
was in an electrically excited state, and then held 
the glass rod over the opposite end (c) of the lath 
a short distance away, as shown in the figure. The 
small fragments of gold-leaf began immediately to 
dance up and down between the latli and the stand, 
as represented in the figure, under tlie influence of 
the electrical force, which had been pix>duced in 
some mysterious way at this end of the lath dt/ t/ie 
mere influence of the presence of the electrified 
glass rod near the opposite end. Whenever the 
glass rod was taken away the fragments of gold 
leaf fell to the stand, and all manifestations of 
electrical action ceased. But the instant the glass 
rod was again bix>ught near to the lath the frag- 
ments resumed their excited dance. This is a very 
complete illustration of the case of electrical ex- 
citement by mere infltioncc^, or induction,^ There 
is in this exi)eriment no communication of any 
electrical charge from the glass. Nothing in reality 
passes between the glass and the lath excepting an 
influence. The lath is sympathetically electrified 
by the mere close neighbourhood of the excited 
glass rod. The scientific explanation of this very 
beautiful and instructive experiment of the old 
Charter House j)ensioner is to the effect that in its 
natural state, and before the excited glass rod was 
brought near to it, the lath contained an equal 
amount of both kinds of electricity, the ix)sitive 
and the negative, which weie for the time naturally 
combined together, or in a mutually saturated 
state, and on that account inopemtive as an 
effective force. But when the excited glass rod is 
held over the end (c) of the lath, the two previously 
combined, and therefore quiescent, olectricitieB are 
separated from each other by its inductive influence, 
and all the negative electricity is drawn toward the 
end (o), whilst all the jwsitive kind is driven to the 
opposite end (b). But the free positive electricity 
(at b) then acts upon the fragments of gold-leaf, 
also inductively, firet di*awing them into contact, 
and then having communicated a |>OBitive charge 
to them by contact, repelling them fi’Om the lath 
until they have discharged that communicated 
electricity into the stand (a), and are so com{)etent to 
be once again drawn back^ the lath. When the 
excited glass rod is withfllEVn from the neighbour- 
hood of the lath (at c) the severed positive and 
negative electricities rush back to mingle with each 
t Iriduotion, from the Latin word inducot to load in. 
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other again in neutralising union, ana all electiio 
manif^aiation disappears. But they at*e then, of 
course, in a state to be driven asiuider again when^ 
ever the excited glass rod is once more brought 
near, and this process of tearing asunder and ve- 
combination can be repeated any number of times. 
Such is an explanation in its simplest form of the 
phenomena of electrical induction, in which an 
active electrical state is produced by the mere 
decomposition and sundering of the electricities 
present in an insulated body, withotit the super- 
addition of any actual charge by communication 
from without. It is a mei'e disturbance of the 
natuml state of electrical repose through the in- 
dueiice of the near neighbourhood of an excited 
body, which manifests itself by the accumulation 
of the one kind of electricity at one end of the 
disturbed body, and of the other kind at the 
opposite end. The sympathetic disturbance con- 
tinues as long as the exciting induence is near, but 
ceases the instant that influence is removed. One 
crucial test of an electrical state lieing c result of 
inductive disturbance, and not of a communicated 
chatge, is found in the fact that in such circum- 
stances there ai'e always the opposite kinds of 
electricities producing their characteristic attrac- 
tions and repulsions at opposite parts of the dis- 
turbed body. An inductively electrified body 
always has two opposite poles of positive and 
negative action. But an insulated body which 
has become the seat of a communicated charge 
manifests the same kind of electricity, and that 
kind only, throughout its entire extent ; it has no 
electrical polarity. 

Another important peculiarity incident to the 
electricity produced by induction, which must on 
no account be overlooked in considering the eflects 
of atmospheric disturbance, is that an induced 
state of excitement may at any time bo converted 
into an actual charge of a force of one kind, by a 
very slight change in the conditions by which the 
decomposition is temporarily brought about. In 
the experiment with the inductively excited lath, 
if, when the excited glass rod is held over one end, 
and the fragments of gold-leaf are dancing up and 
down beneath the opposite one. that end of the 
lath be touched for an instant b^ the experimenter’s 
finger, all manifestation of the electrical excitement 
disappears. But when the glass rod is withdrawn 
from the neighbourhood of the lath, the excitement 
immediately reappears, and is of an ojyposiie kind 
to that which was in the first instance set up at the 
gold-leaf end by induction. The fragments of gold- 


leaf begin again to dance ; but it is under the im« 
pulse which belongs to the mgcdivt state, instead of 
under that of the iK>sitiv6 state, which was in li&e 
first instance brought about at that end of the lath 
by the induction. The explanation of this is that 
when the lath was touched by the finger, all the 
positive electricity accumulated at that end escaped 
But when the finger and the glass rod were with- 
drawn the electricity concentrated at the opposite 
end rushed back along the lath, and as there was 
not then a due amount of the positive electricity 
ramaining in the lath for its neutralisation it re- 
mained in the ascendant, and the whole lath became 
charged with an active negative state which was 
able to set up attractions and repulsions on its own 
account A very simple and most easily-ooustructed 
piece of apparatus may be arranged so as to enable 
any one to trace these curious eflects of inductive 
action by dii'ect observation and experiment. It 
is only necessary to place two balls of wood, A B, 
coverad with either tin-foil or gold-leaf, in wine- 
glasses, and to connect the balls together by a piece 
of brass chain, c, as represented in Fig. 4. It will 



Fig. 4.- -Experiment to illnetrate tbe Nature of Eleotrioal 
Induction. 

then be found that if a glass rod be briskly rubbed 
with a silk handkerchief, and held a little distance 
above the ball, a, the electrical equanimity of the 
system of the chain-oonnected balls will be induc- 
tively tlisturbed, and the positive part belonging to a 
will be drivisu into B, whilst the negative electricity 
of B is simultaneously drawn into a, so that a 
balanced straw resting upon a needle thtiist trans- 
versely through it, and carrying a round disc of 
metal foil at one end, and placed as indicated at D, 
would immediately manifest the presence of elec- 
trical excitement by the disc being drawn into con- 
tact with the ball, and the further end*of the straw 
being tilted up in the opposite direction (from e to 
f). As often as the glass rod is brought near to 
a this efiect will be produced, and as often as 
the glass rod is removed from the vicinity of A 
the effect will cease. In making this interasting 
experiment, which is, in reality, of very easy 
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performanoe, it is simply necessary to take care that 
all the glass part of the apparatus is in the hrst 
instance warmed and thoroughly dried before a fire, 
as otherwise the separated electricities may be 
discharged to the earth along the moist sur- 
faces instead of being imprisoned and retained to 
manifest l^emselves by the means which have been 
described. If the balls, A, b, are tested when the 
induction is set up by the excited glass rod, it will 
be found that a is in a negative, and 3 in a positive, 
state. But if b is then touched for an instant by 
the experimenter's finger, and the glass rod removed, 
both A and b will remain cha/rged with one kind of 
electricity — the prei)onderant residuum, namely, of 
the negative electricity left diffused through the 
chaiU'Oonnected system of balls. 

Tlie French electrician, Du Fay, contrived a very 
amusing and efiective plan for showing this curious 
result. He suspended a board by four strong ropes 
of silk, and then placed a boy, stretched on his back, 
upon the board, as shown in Fig. 5. A^^henever in 



these circumstances an excited glass rod was held 
over the feiCt, the head immedia^ly manifested the 
same kind of electrical force as the glass rod, and 
produced the appropriate attractions and repulsions 
upon light bodies brought near. If, for instance, 
with such an arrangement, the straw indicator 
(j> E, Fig. 4) were placed so that the disc of metal 
foil was just above the tip of the boy's nose, it 
would be seen to be drawn down to the nose when- 
ever the excited glass rod was held over the feet 
After a careful consideration of these experi- 
ments it will be very easy to understand that the 
essential distinction between a body carrying an 
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electrical charge and one that is in an inductively 
disturbed electric state is that in the first case the 
electric energy [jervades the entire substance so far 
as it is girt about by an imprisoning or insulating 
sheath, without any manifestation of opposite states, 
or of distribution into poles, and that energy is 
persistently retained until it is discharged to the 
earfch through a conductor ; whilst in the other case 
the insulated body manifests opposite attributes of 
attraction and repulsion at remote parts of its sur- 
face, which are displayed so long as an electrically 
excited body is in the near •neighbourhood, but 
which disappear the instant tlie excited body is 
removed, and wliich are capable of being recalled 
into activity, and of being replaced in abeyance, 
without any communication of an absolute electrical 
charge, or any production of an actual electrical 
discharge, any number of times, by the mere bring- 
ing near, and carrying away, of the disturber of the 
electrical equanimity. In the latter case the efiTeot 
is simply a result of the troubling of the body's 
own inherent state of normal electrical reiiose. 
This distinction has been here dwelt upon with 
some elaboration of detail. But it will soon appear 
that this fulness of explanation is not at all more 
than the subject in hand both deserves and requii'es. 
No clear appi'ehension of the phenomenon of atmo- 
spheric electricity can by any possibility be secured 
unless the great underlying fact of electrical in- 
duction has been adequately comprehended and 
mastered. 

The electrometer which is now held in highest 
repute by scientific meteorologists engaged in the 
examination of atmospheric electricity, acts through 
the agency of induction. It was invented by the 
French electrician, M. Peltier, and is on that 
account BiK)ken of as Peltier's Induction Electro- 
meter. 

The apparatus consists of a large copper ball, 
4 inches across, B, placed at the top of a stout 
vertical copper rod, E, which passes down through 
an insulating cover of shellac, c, and so finds its 
way into the interior of a cylindrical case of glass, 
G, where it ends in a kind of stirrup, or loop, L, as 
shown in Fig. 6. The stirrup is attached to a 
horizontal copper bar, a, terminated at each end in 
a copper knob, and carries projecting into the loop 
a point, p, upon which a double needle is balanced 
by means of a conical cup, so that it can travei'se 
freely round in the manner of an ordinary compass- 
needle when the cup is placed upon the point. Tlie 
traversing movement, or double needle, consists of 
two parallel parts ranged one above the other, of 


338 


SOIENOl FOB ALL. 


which the upper one, d, is a needle of magnetised 
iron, whilst the lower one, k, is a piece of copper 
wire metallically continuous, through contact of the 
cup and point, with the vertical rod and ball, b. 
The stirrup and knobbed bar are steadied beneath 
by an insulating pillar of glass and shellac, s. When 
the instrument is about to be used, the balanced 
needle is allowed to swing round, compass-like, 
upon its j)oint until it ranges itself in the magnetic 



Pig 6.— Peltier*f Induction Electrometer, In wbicb a horizontoUy- 
txnverting Coi^r Needle ih repelled by a fixed transrerse Copper 


meridian of the earth, under the influence of the 
terrestrial magnetic forca The entire apparatus 
is then shifted upon its centre until the transverse 
copper bar, with its terminal knobs, is ranged 
pandlel with the traversing needlea In this state 
the needles are held in their place by the magnetic 
attraction, unless the lower copper constituent of 
the connected jmir is more strongly acted upon by 
electrical ro[>ulsion set up in the subjacent knobbed 
copper bar. This, however, occurs whenever the 
electrical state of the large copper ball and vertical 
rod (b and r) is disturbed by electrical induction. 
If, for instance, an excited glass rod is brought near 
to the ball (b), the negative electricity of the insu- 
lated metallic mass is immediately drawn up into 


the ball, whilst the podtive eleotrioity is driven 
down into the stirrup and horizontal copper rod, jl 
But as this horizontal rod, a, and the copper needle, 
E, are then equally aflfected by the positive 
electricity which has been inductively accumu- 
lated at that end — as they share the same accu- 
mulation between them — ^they repel each other, 
and as the needle, k, by virtue of its suspension 
upon the point, is free to move, whilst the copper 
bar, A, is not, the needle, e, traverses round, and 
departs from parallelism with a as soon as the 
electrical repulsion set up between A and s is 
stronger than the magnetic attraction which is 
exerted between tlie magnetic poles of the earth 
and the sympathetically associated pole of the 
tia-versiug magnet, D. Peltier^s Induction Electro- 
meter is thus virtually, it will be observed, an 
instrument in which the electrical repulsion acts 
upon a horizontally swinging bal* instead of be- 
tween vertically susi^ended strips of gold-leaf, or 
balls of pith, as in the case of Bonnet’s and De 
SauBsure’s electrometers. In consequence of this 
difference of the arrangement of its parts, and in 
consequence still more essentially of the force with 
which the energy of induction can be brought into 
play, this instrument is more sensitive tlian 
either of the older and simpler forms of electro- 
meter ; but beyond this it is capable also of measur- 
ing the precise amount of repulsive energy which 
is set up, by means of a graduated arc attached to 
the circumference of the glass cylinder. This indi- 
cates at a glance how f cur the suspended needles 
D and E have been made to rotate away from the 
position in which they were parallel with the flxed 
horizontal bar, A. 

When De Saussure had succeeded in the con- 
struction of his pith-ball electrometer, towards the 
end of the last century, he proceeded to put it to 
practical use by repeating, under the advantages it 
conferred, some observations which had been pre- 
viously more rudely made by two other excellent 
observers — Lemmonier and Beccaria.. He at once 
found that whenever he raised hm instrument up a 
few feet into the air on a clear still day it gave 
signs of the presence of free electricity, and that 
the indications of the free el^trical force became 
more pronounced and more energetic the higher the 
instrument was carried up away frohi the solid 
ground into the open and unimpeded air-spaces 
above. He also noticed that with a clear and serene 
atmosphere the electrical force so manifested as 
present in the air was invariably of the positive 
kind. He likewise succeeded in well establishing 
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the finct that the preaejice of this positive electrical 
force vras iiot shown until the instrument had been 
raised nearly two yai*ds away from the ground, or 
above projecting bodies attached to it, such as 
buildings and trees. The investigations which he 
thus deliberately carried out, and rapeated again 
and again, soon left the conviction upon his mind 
that in him weather the solid surface of the eaith, 
and the immediately superincumbent air are, for 
some reason, naturally in an opposite electrical 
state, the ground being negatively, and the air 
positively charged, and that the neutral, or un- 
excited, state of the lower regions of the air is due 
to the continual recombination of the two different 
kinds of electricity, where they are in close con- 
tiguity to each other. M. Becquerel very ingeni- 
ously confirmed De Saussure’s conclusion of the 
increase of tlie free electrical force with ascent into 
the higher regions of the air by shooting up aiTows 
which earned with them fine metallic threads 
attached below to the cap of an electrometer. As 
the arrows i^ose into the higher regions of the air 
the pith-balls or the gold-leaf strips of the electix)- 
meter became more repulsive and divergent. M. 
Quetelet found, in observing with the Peltier in- 
duction electrometer, which he used upon the lofty 
tower of the Observatory at Brussels, that the 
neutral point corresponded with the height to wliich 
an iron balustrade extended from the platform of 
the tower, and that the instrument had to be lifted 
up some distance above the balustrade before any 
satisfactory indications of free electricity could be 
procured. 

When the induction-electrometer is employed in 
tliis way for delicate observations of atmospheric 
electricity, a somewhat complicated method of pro- 
cedure has to be adopted, which is, however, 
worthy of notice on account of the further practical 
illustration it affords of the principles of inductive 
action. The instrument is first raised sufficiently 
high to ftimish signs of electrical disturbance by 
the swinging round of its suspended needles. The 
lower part of the vertical copper rod is then touched 
for an instant by a piece of metallic wire held in 
the liand. The touch immediately reduces the 
instniment to equilibrium — that is to say, the 
traversing needles swing back from the position 
of disturbance to the position of rest under the 
magnetic attraction. The instrument is next 
brought down from its elevated position, and it 
then appears that it is no longer in equilibrium 
because the negative state has become preponderant 
under the change of position fix>m the same 


influence which has been described in a previous 
jmge, where the touching one of the chain-con 
nected insulated balls by the finger after their 
inductive disturbance was alluded to (p. 337). 
But tlie indication of the active electrical state 
is then of an opposite kind to that which is 
primarily operative in the aii*. A negative re- 
pulsion of the traversing needles of the electi*o- 
meter shows that it was a jK)sitive influence that 
was primarily operative in the air. The test of 
the kind of electrical state which is pi'esent in the 
instrument is, of coum, the same with that which 
is adopted in the case of the simpler forms of in- 
strument, If the bringing of an excited glass rod 
towards the ball increases the swing of the tra- 
versing noodles, that shows that it is a positive 
electrical state which was previously acting upon 
them. But if it be the approach of an excited 
stick of sealing-wax which increases the swing, the 
electrical state of the apparatus was piimarily of a 
negative kind. 

Now what is the great fact ascertained by the 
close scientific questioning thus carried out through 
the intervention of these ingonious instruments of 
De Saiissure, Bonnet, and Peltier ? It is that in 
fine and still weather the solid surface of the 
ground, and the air resting above it are in opposite 
and antagonistic electrical conditions, the ground 
being in a negative and the aii* in a positive state. 

Bu^ when this cardinal fact has once been made 
out, a further question of the most pressing interest 
immediate ?y presents itself as a neccasary suggestion 
arising out of the discovery. The insatiable in- 
quisition of science then proceeds to ask what is 
the primary source of the electrical disturbance 
wliich is thus manifested by the positive activity 
of the air ? In his earliest attempt to deal with this 
question M. Peltier assumed that induction was at 
the lx>ttom of the matter. He conceived that the 
void I’ealms of si^ace were natumlly and normally 
in a state of positive electrical charge, that the air 
served as a neutral and insulating garment to the 
earth, and that the suriace of the earth was con- 
sequently in a negative state from the inductive 
force exerted upon it by surrouiuling space. More 
recent investigations, however, have quite plainly 
and unmistakably proved that such is by no means 
the principal agency concerned in the effect, and 
that the air is the seat of a positive cimrge which 
streams up into it continuously from beneath, A 
series of influences most probably conspire in 
funiisliing this stream, and although it is hardly 
possible yet to indicate all the sources of the 
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8ttp])ly, thei'e are, at least, some of these agenoies 
which can be detected in their subtle work, and 
which may safely be credited with a very raatenal 
share in the operation. 

Wherever a collection of water is resting in a 
hollow basin upon the surface of the earth, or 
wherever water is running along in the excavated 
channels of the ground there is always a decom- 
position and separation of the electiicity inherent 
in terrestrial substance, which then manifests itsf.lf 
as negative force in the solids of the ground, and 
as positive force in the liquid water. A French 
engineer officer, M. Becquerel, demonstrated this in 
a series of very interesting and successful experi- 
ments. He placed plates of porous earthenware in 
water and in the ground, and then associated deli- 
cate instniments with them in such a way that he 
was able to trace an electrical disturbance set up 
at the surfaces of contact, where the solids and 
liquids met. M. de Saussure also experimented 
in a similar diixiction, and by his experiments 
proved that whenever water is caused to evaporate 
rapidly by being thrown upon earthenware crucibles 
heated to redness, very energetic sti-eams of positive 
electricity aitj generated. 

The positive electricity which is set free by these 
agencies is, as a matter of coui*se, carried up by the 
vapour which rises into the air. Each little particle 
beai-8 witli it in its ascent its own jwoper j)Ortion of 
the charge. The vast accumulation of water which 
rests in tlie wide basins of the sea thus becomes a 
I)erfcctly inexhaustible source of supply. So long 
as there is evapomtion from the sea, from the 
rivers, and from the moist porous ground, there 
must he a ])ositive electrical charge accumulating in 
the atraosphei’e. 

But in the case <)f the evaporation of water from 
the liquid and moist siufaoes of the earth, it is not 
merely the conversion of water from the liquid into 
the va})orous state which is concerned in the pro- 
duction of the free electricity. The eminent 
French philosopher, M. Pouillet, has very con- 
vincingly shown that no electricity appears when 
distilled water is projected upon red-hot platinum 
crucibles, because no decomposition of the water 
into its constituent elements in that case takes 
place. C^iemical change is therefore concerned in 
the vaporising part of the operations by which 
free electricity is generated. The Italian observer, 
M. Palmieri, who habitually watches the fires of 
Vesuvius from the slopes of its cone of eruption, 
finds that the vapours which stream from the crater 


of this restiiesB volcano ore invariably charged with 
free electricity (VoL HI, p. 55). A diy fog which 
spread over a large part of Europe in 1783, and 
wliich was generally ascribed to a volcanic source, 
was very powerfully electrical The production of 
free electricity by volcanic eniption is, indeed, of 
such frequent occurrence, that the Swiss electiiciau, 
M. de la Rive, in the end ascribed the electrical 
disturbance manifested at the surface of the earth to 
the cfiemical operations that are in progress within, 
where the internal part of the solidified crust of the 
terrestrial sphere is in contact with the molten and 
incandescent rock that lies beneath the hardened 
outer shell. When water finds access through the 
fissures of the rocks to the heated masses beneath, 
and is converted into steam, there is certainly an 
ample development of electrical distuj-bance. 

It may thus very safely be hc4d that chemical 
o|>erations contribute largely to the electricity of 
the air. The sun^s rays exert a powerful effect of 
a quasi-chemical character whenever they fall upon 
|)onderable substance, and where this occurs elec- 
trical force is, in consequence, set free. Electrical 
disturbance is invariably produced when contiguous 
bodies are unequally heated by sunsliine. The 
building up of vegetable structure out of the 
vapours of the air, and the inorganic constituents 
of the ground, and thefr destnictive decom|) 08 ition 
under the oxidising powers of the air, are chemical 
ptx)oes8es, and attended by the disturbance of the 
nonnal and passive electrical state. Wherever 
chemical transformation, of whatever kind, is in 
progress, electrical disturbance assuredly is its 
companion. 

The merely mechanical effect of the friction of 
the particles of moving air against each other, and 
against solid bodies that lie in their path, most 
probably contributes to the electrical charge which 
is accumulated in the air, and must thus be placed 
amongst the other sources of electrical disturbance 
which have been alluded to. Some electriciaus, 
indeed, are inclined to attribute no inconsidemble 
part of the electrical manifestations observed to 
this secondary and less subtle cause. 

The vapours which rise from the sea and tlie 
moist ground thus carry up with them into the 
higher regions of the air, the copious and continue 
ally accumulating supplies of electrical force whiob 
are primarily derived from the various sources 
which have been named. It is those accumulating 
stoi^ which are in the end transformed in the. 
clouds into lightning and thunder. 
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A PIECE OF PUDDINOSTONE. 

Bt Pbofbssoe Chables Las*woeth. LL.D., F.G.8., stc., Mason Collbue, BtiiMXNouAM. 


T TTPi casual dsitor to a well'-appointed museum, 
who glances over the varied collection of rock 
epecimeus there exhibited, generally arrests liis 
steps for a feu minutes to study a little more care> 
fully the strange, rough piece of rock labelled 
“ Puddingstone, or Conglomerate ” (Pig. 1). It is 
not only the quaintness of the title that arrests his 
attention. There is something unique and even 
startling in the aspect of the stone itself, which 
appeals directly and forcibly to his imagination. 



Fig. l.-~Blook of Fuddiogstoue, or Conglomerate. 


From this block of grey rock project large pebbles 
of pure white quartz, knolw of red felstone, black 
basalt, ohips of slate and schists, all more or less im- 
bedded and partly buried up in a very hard, greyish, 
and decidedly granular matrix, or binding material. 
These rounded jwbbles project on all sides, and 
there can be no question that tliey occur also in the 
body of the rock itself. The vulgar mind, catching 
ever at the superficial, notices at once the general 
resemblance in externals between this rock and the 
Christmas plum-pudding. These large pebbles stand 
for the plums, these smaller purple chips for the 
currants, and these white cubical fragments for the 
chop{>ed suet or lemon-peel of the national dish. 

The pudding itself is easy enough of comprehen- 
sion, We know whence the ingredients are pro- 
cured, and all the process of their admixture up to 
the point when the well-cooked result is placed 
\ipon our table. But this strange stone is much 
more puzzling. If a specimen be broken up before 
the observer's eyes, he will notice that not only do 
the pebbles occur right through and through the 
heart of the stone itself, but that the plane of fi^ao- 
ture cuts clean across many of the }>ebbles them- 
selves, as if they were part and parcel of the mortar 
which binds them toge^er. It is wonderful to him 


to see a strange array of pebbles, like those he has 
hitherto been led by habit to associate with wave- 
worn shingle beaches, water-worn beds of rivers, 
and the like, lying cemented together into a solid 
rock-mass. Nor is his wonder lessened when he is 
told that whole counties in his native islands are 
almost fiooied by rocks of this character, and that 
on the continent of Europe they range over hun- 
di'ecls of miles of length, and rise into mountain* 
masses, by whose side Snowdon and Helvellyn, and 
even Bon Nevis itself, would be dwarfed to insigni- 
ficant mounds. 

One jioint, however, is quite clear to him. All 
the larger pebbles in the puddingstone are rounded 
like those of the shingle of the shores and river- 
sides. This rounding, os he already knows,* has 
been brought about by the continual rubbing of the 
stones against each other under the force of the 
waves and stmims. No special training or study 
is required to enable him to reach the inevitable 
conclusion that these puddlngstone-pebbles are old 
waterwom stones buried up in a mass of disinte- 
grated material, like the pebbles in a roughly-made 
pathway of concrete. 

So far, all is plain sailing. But when we endear 
vour to answer his very natural questions — why, 
on the one hand, certain special pebbles predominate, 
why, on the other, there is sucli a variety of stones 
of different kinds collected together — why some are 
rounded and some angular — why tlie matrix is so 
uniform in colour, and jwssesses such a wonderful 
toughness and durability — we are staggered at their 
difficulty, aixd the apparent imi^ossibility of forcing 
from Nature, in any one case, a satisfactoiy reply. 

The rounded pebbles of our puddingstone have 
already told us, in tones not to be mistaken, that 
only on the shingly shore or gi-avelly river-bottom 
is it possible to expect an answer to these ques- 
tions. The river-bed is buried from sight by the 
flowing streams. Let us follow the only course 
open to us and go to the shoi’e. 

We naturally choose some rocky shore, with 
cliffs reached by the high tidal-waves; for there 
will the rounding of pebbles, and the manufactui*e 
of material, such as that of which our pudding- 
stone is composed, be proceeding with the greatest 
mpidity. From the cliffs the storm-waves often 
detach large fi*agments of stone. These fall on the 
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hard floor and are rubbed and rounded against each 
other, becoming smaller and smaller daily, until, 
eventually, they are woni down to the finest sand. 
In the shallow bays around lie heaps and sheets of 
these rounded pebbles, of all sha|>es and sizes, imHly 
buried in sand and small chips of stone. If by any 
means we could consolidate this loose materia] just 
as it lies, it would form rock almost exactly corre- 
sponding to our original puddingstone. 

Look carefully at the clifiis and rocks above and 
around They are sandstones, grey and red. As 
might have been expected, the vast majority of the 
less rounded j^ebbles lying upon the beach is com- 
ix>sed of these red and grey sandstones. The very 
sand amongst which they lie, and which fills up the 
interstices between them, is Init a very little lighter 
in colour. Every stage of its formation can be seen 
in the varying sizes of the pebbles, from rounded 
marble-liko fragments, to the smallest grains. It 
is clearly nothing more than these same sandstones 
worn down by the sea-waves into their com|K)nent 
grains, witli their superficial colouring somewhat 
wom off and subdued. 

Here, then, we have alreacly found the answers 
to two of our questions. The preponderating 
pebbles of our puddingstone were probably those of 
the neai'est rock in the neighbourhood where the 
puddingstone was formed originally, and the com- 
position and peculiar colouring of the matrix was 
compounded of those of the most prevalent rocks 
there ground down to sand by the waves. 

Examine those accumulations of shingle a little 
moi'e closely. You notice at a glance that large 
numbei’s of the pebbles bear no resemblance what- 
ever to the rock forming the cliffs around. Here 
are balls of pure quartz in tolerable abundance — 
there pieces of red porphyries. Yonder lie some 
dark greenstones and basalt. That is a piece of 
mica-schist This is clearly a well-marked granite. 
And these peculiar stones are abundant here. We 
may count hundreds in the comjmss of a few yards. 

Take up your hammer and strike some of the 
sandstone pebbles. It passes right through them 
with a dull “pouff,” and the stones fall away 
almost into a dust of sand. Now stnke the quartz, 
the greenstone, and tha granite. How the hammer 
lings to the blow ! The larger specimens refuse to 
split ; they seem as hard as the iron itself. When, 
at last, you manage to break one of the smaller 
stones, it flies into two or three angular fragments, 
tough as steel and sharp as glass. To reduce one 
of these quartz boulders into small grains you need 
scores of blows of your hammer ; and, even then, 


your task will be but veiy indifferently executed ; 
for tliese grains will still be much laxger than the 
sand grains formed by the waves, and as irregular 
in form and jagged upon the edges as at flrst. 

Next, take one of the pieces of sandstone to 
yonder flat slab of rook, and try to rub it down. 
In a veiy few minutes you grind it away into a 
little cloud of sand. Take similar pieces of the 
quartz or porphyry, and try to do the same. The 
task is hopeless — you merely rub a deep groove in 
your bedded slab. The fragment in your hand is 
simply polished a little on the surface, and that 
is all. 

Now the sea- water must find precisely the same 
difiiculty in breaking up these hard rooks. Every 
month it pounds the fragments of sandstone to 
pieces with the greatest ease, and day by day it 
rubs them down to grains of sand But the in- 
tractable quartz, basalt, and granite pebbles roll 
backwards and forwards with the tide; a little 
more polished, a little more rounded, but otherwise 
unaltered, month after month, and year after year. 
They keep their places here, as it were, by sheer 
force of character ; they exist in such abundance 
because the sea finds such a difiiculty in getting rid 
of them. 

But, it may be asked. How did these hard stones 
get here 1 They are not present in the cliff. They 
cannot surely have been filing up from the deep 
sea. They cannot have been created where they 
lia They must have been brought from some dis- 
tant place or places of oiigin. Where is that place, 
and what brcught them here 1 

These are very natural and proper questions, and 
we must find satisfactory answers to them before 
we can advance a step fai*ther. But the answers 
will vary with the locality, and with the material of 
which these foreign boulders are composed. Let 
us choose a single locality, and work out our 
problem for that locality as a general type. 

We are standing upon the rock-bound shore of 
the east of Fife, in Scotland. To our left stretches a 
long range of grey and brown sandstone clifik The 
shelving shore beneath our feet is a rugged floor of 
reefs and rock-bars. The hollows between these 
reefs are filled with heaps of rounded masses of 
sandstone, associated with pebbles of granite, 
quartz, porphyry, felstone, and the like. The 
sandstone comes clearly from the cliffs overhead* 
The pieces of black trap and greenstone probably 
come from the trap-dykes that occasionally pene- 
tratei^hese sandstones along the coast line, and are 
brought here by the waves and rounded on the way* 
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But the granites, the mica-schiists, the porphyries, 
whence come they ] for they are utterly wanting 
along the Fife coast line. 

As I walked to this spot across the fields this 
morning, I saw many heaps of stones piled carefully 
here and there for the purpose of mending the roads 
and the dykes,** or slone walls of the country. 
The stones are collected from ofi* the sui'face 
of the ploughed fields by the farm-labourers. I 
noticed that in these heaps wei*e many large pieces 
of the dingy sandstones of the district ; but, in ad- 
dition to those, there was an abundance of lumps of 
l^oi’phyry, metamorphic schists, and even granite — 
rocks not only foreign to this special locality, but 
many of them entirely wanting among the rock- 
groups found within the limits of the county. In 
the hard, tough clays along the brooksides, and 
present generally upon the surface of country near, 
these stranger pebbles abound in great numbers ; 
and as the clay is gradually worn away by the wash 
of the rain, the stones are left loosely projecting 
from the surface of the soil ; whence they are col- 
lected by the labourers, or roll down the slope into 
tlie stream-beds. 

Here, then, we see the proximate source of these 
foreign pebbles upon the beach. Some of them 
must have fallen from the summit of the cliff, as 
they have been gradually eaten away by the sea ; 
whilst the vast majority have been hurried into the 
sea by the waters of the little brooks in days of 
storm or fiood. 

This result, however, satisfactory as it looks, 
takes us in reality but a single step nearer the 
solution of the problem how these foreign stones 
reached their present position in the shingle. They 
are there, we find, because they have been washed 
off the surface of the neighbouring sod. But the 
grand question is, how came they u|>on the surface 
of that land, in a district where, as wo have seen, 
they are actually foreigner and interlopers 1 

Climbing up to the breezy summit of the cliffs, 
we get a delightful view over the country to the north 
and west (Fig. 2). Spreading outwards from our 
very feet, like a rolling carpet of verdui’e, lies the 
broad fertile valley of Strath-eden, green with the 
budding hedgerows, and the fields of early corn. 
Beyond rise the broad mounds of the Ochils and 
SidlawB, their slopes picked out with farms and 
woodlands, and their grass-grown points bare to the 
morning sum Away in the blue distance nses the 
long line of the Grampians, spotted with trails and 
patches of the winter’s snow. That misty ridge 
just caught above the wood top to the north-west is 


Ben Lawers; that pointed peak in the centre is Ben 
Vrackie, and that loiig, moutit-like summit due 
north is Mount Battock, near Al^einleen, more than 
thirty miles away (Fig. 2). 

This lovely view has a special interest for us, for 
those wooded slopes in the mid-distance are the 
homes of the felstones and porphyries of the pebble 
beach below us ; and those misty peaks on the sky- 
line mark the fatherland of the quartzites, the mica- 
schists, the syenites, and gi^anites, that lie by their 
side. 

By proofs too numerous to be cited here, geolo- 
gists are able to show that at a certain period, not 
long prior to the advent of man, this lovely view 
was wanting. Instead of wearing its flowing mantle 
of living green, the country was buried beneath a 
pall of ice, so thick that the deepest valleys were 
filled from side to side, and the very hills buried 
from sight and ken. This sheet of ice moved down- 
wards and outwards from the higher grounds, cany- 
ing with it, frozen into its substance, all the loose 
stones lying in its path and, with their aid, grind- 
ing up the rocky floor, over which it travelled, into 
a mass of stiff clay, crushing stones and clay toge- 
ther outwai*ds and onwards over the lower grounds. 
When tlie great ice-sheet melted at last, this clay, 
fllled with these stones, covered nearly all the 
rocky sub-soil from the mountains to the sea — the 
included stones in any one locality being of neces- 
sity an intermixture of fragments of all the harder 
kinds of rocks over which that special portion of 
the glacier passed which formed it. In that ice-age, 
the ice-sheet of our locality came down from tin 
high lands of the Grampians over the Ochils ; and 
the foreign stones now found in our clays and 
shingle are simply those the ice-sheet picked up 
upon its way. 

Thus, in this far-off time, and in this strange 
manner, wo tliscover one of the causes of the 
presence of these harder rocks u]K)n our beach. 
But there ai*e many others, though none per- 
haps, so far as this region is concerned, of such 
prime importance. 

Look next across the blue waters of tlie bay to 
the right. Those distant headlands far to the 
north are of porphyry, and beyond them the 
granites and quartzites reach the shore. The line 
of the coast runs generally north and south, but 
the tide-waves come in and the fiercest winds blow 
from the north-east On every day of north-east 
gale, therefore, there must perforce be developed 
a strong tendency in the united action of the 
winds and waves to drift the shore pebbles to the 
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southward, along the ooast*line ; and in this way, the river-flood, and by the transport of the mighty 
in the course of ages, have possibly reached us glacier — these foreign stones have reached 
many of the hard pebbles fiom the north. present position in the shingle at our feet. They 

That wide gap in the shoreline yonder marks are of granite, felstone, quartz, porphyry, because 
the mouth of the Tay — the largest river of Scotland, these special rocks lie in the dii^otion whence the 
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Its broad catchment-basin is floored by porphyries, glacier, the river, or the tide, moved to this spot, 
quartzites, mica-schists, and all the varieties of the Had the hard rocks in that direotioii been flint or 

rocks we recognise in our harder pebbles. With serpentine, marble or slate, all our foreigners would 

every great flood it hurries thousands of these have been of these classes, instead of being what 

pebbles down into its estuary, there, in part, to they are. And this is actually the law which regu- 

mingle with the rest of the shingle of the shore. lates the presence and comparative abundance of 
In these various ways — by the drift of the storm the diflbrent finds of pebbles in the shingle beaches 

and tide, by tlie wash of the laiii, by the forces of of Britain generally. On the coast of Dorset, where 





A HBOB OF puddhstostone. m 


^ ilie wind wid tide i$ from the souths 
the^]^^ eandstones^ and flint of the 
dietjuit Devonshire eoaet in!epoiidei*at6 to each an 
eitept that the edBb local rodca appear to be absent 
entirely* On the Brighton coast farther east, the 
flinty pebbles of the nearer chalk prevail Each 
gravelly shore has its own |>eculiar association of 
pebbles^ dependent solely upon the proximity of 
the hard rooks which furnish the several kinds, 
and the possibility and comparative ease of their 
transport. 

It would be ridiculous to imagine that the pebble 
beaches ex|) 08 ed at low tide contain all the shingle 
tiiat is lying off our coasts. On stormy days the 
back wash of the breakers rolls many of these 
pebbles down the sloping shallows into the deeper 
waters beyond the reach of the waves. There they 
are partly covered up and buried by the mud and 
sand waited down upon them. In this way our 
islands aie surrounded by a fringe of submerged 
pebble-beaches, not only off rocky headlands, but 
in every spot to which a stone may be rolled, and 
where there is room for it to lie undisturbed. 

In these sheets of water- worn gravel and sand, 
visible and submecged, we have the material for 
our puddingstone ready to hand upon our coasts. 
The next question is, by what possible piocess are 
these loose accumulations formed into solid, com(>aot 
masses of i*ock 1 

To a certain extent, we have examples of the 
artifirial manufacture of puddingstone frequently 
before our eyes. Taking advantage of certain 
ohemioal properties of lime, man has long ago 
learnt how to bind togetlier loose stones into a solid 
mass. Most of us have watched with interest the 
workmen laying a floor of concrete, fllling up the 
interstices in a layer of small stones with a fluid 
cement which soon hardens and binds the whole 
into a firm, stony sheet. In disiricts where building 


btiiiders was remarkable for its hairdness and dura* 
bilily, often withstanding the ravages of time better 
than the included stones themselves. 

In binding together the loose gravelly material 
on the searfloor, nature works in precisely the same 
way. The broken sea-shells, the fragments of 
coral, the waste of limestones and chalk-cliffs, and 
all the calcareous sediment washed down by the 
rivers, are mixed up with the sandy material, amid 
which the pebbles lie imbedded, and unite with it 
to form a limy cement which soon hardens itself 
into compact rock. But nature goes beyond man in 
this respect By certain chemical changes brought 
about in her secret laboratory, she produces even 
siliceous cement of the substance of the very stones 
themselves, as it were binding them together by a 
mortar of glass. 

By these varied processes nature is ever busy with 
the manufacture of puddingstone andoonglomemte, 
off every rooky shore at tlie present day, ready for 
that future time when it shall be upheaved to form 
the rocky flooring of the continents to be. As she 
works now, so must she have wrought, since first 
the ram began to fall and the storms to rage. The 
ancient puddingstones of our museums are fragmen- 
tary relics of the off-shore pebble-beds of vanished 
lands, bits of visible histoiy, as fruitful of interest 
to the thoughtful mind as the rusty coins and medals 
that recall the glories and decadence of the empires 
of old. 

In the south-west of England there are few rocks 
that deserve the name of puddingstone, but in 
some parts of Wales it is abundant. On the 
picturesque Fans of Brecon, these old consolidated 
sea-beaches rise above two thousand feet into the 
air. Throughout the length of England, from 
Land’s End to Carlisle, we find many patches of 
this rock forming rugged knolls. In the soutli 
of Scotland it runs in a long, broad band on each 
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stone is dear, handsome houses are built of this 
oonorete, formed of lime, sand, and the pebbles of 
the river-side. The common mortar which binds 
together the courses in our walls is another 
mi B more familiar example of the same class, 
oslcareo^ cement us^ by the old Boman 


side of the gi^t central valley. On the south 
it forms the edge of the southern uplands from 
Dunbar to Ayr, On the north it occupies much 
of the wide valley of Strathmore, and fl a nks the 
southern slopes of the Highlands from sea to sea. 

On the Continent of Europe this species of rook 
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is eveot move grandly developed. Its intxaotaUe 
messes com))ose many of the rugged mounds 
crowned by picturesque castles that diversify the 
central districts of Oermany (Fig, 3). In Switser- 
land it forms the outer zone of the Alpine region 
from Qeneva to Constance, rising in Mount Filatus 


and the Bigi to ihdce thsiki a 
perpendicular h^ht Itsoonscdidatedpel^le^^^ 
often several thousands of feet in thickness^ ivtand 
up vertically on edge, irresistible prooft of ^ 
stupendous forces that called this msguifioent 
mountain region into being. 


A SHADOW* 

Br William Aoxsoto, FXC.^ itc. 


W HO has not glanced at his shadow cast by 
the sun, and with curious eye made note 
of its form and pi*o|)ortions, always grotesque, and 
at one time gigantic in its dimensions, at imother 
dwarfed to the representation of a pigmy 1 As 
children we may have chased it, or like Alexander’s 
horse, Bucephalus, been frightened by it ; as boys, 
it may have been a source of dissatisfaction, more 
especially when some feature of clothing or gait 
has been exaggerated ; and as men we have doubt- 
less altogether ignored it ; but with nothing have 
we become so familiar, and nothing have we come 
to regard as so unreal, changeable, and devoid of 
the properties which pertain to tangible bodiea 
Because of these qualities its name is in constant 
use metaphorically. A Government corrupt to its 
core is described by the historian as a shadow; 
the thin, pale man, wasted by disease, we speak of 
as the shadow of his former self; and to a 
Tennyson, concentrating a million years into a 
moment, 

** The hills are shadows, and they flow 
From form to form, and nothing stands.** 

It is of this symbol of the changeable and un« 
real that we have to speak, and we intend to tell 
of remarkable as well as common shadows, how 
they are produced, and what they are lika 

Shadows are the result of the great law that 
light proceeds through a homogeneous medium in 
straight lines.* Hence, when an opaque body is 
held in the way of light there is darkness, or 
shadow, behind it, and the form of the shadow 
projected on to any screen placed to receive it is 
determined by the form of that section of the 
obstructing body which is at right angles to the 
direction of the light rays ; hence the shadow of 
a ball is a dark circle, and if one were to bend 
the bare arm at the elbow and the hand at the 

* *‘Soi«iioe for All,’* YoL 190. 


wrist, as in Fig. 1, the shadow would be a fair 
representation of a swan. 



Tig* l.~Shftdow Swan. 


These hand-shadows have always been a source 

of shapes one may represent by various disposi- 
tions of the hands when held up not far from the 
gaslight, and, perhaps, because the black moving 
things on the wall may be made a caricature <tf 
the real Heads of animals of all sorts may be 
exhibited and made to open tiieir mouths or prick 
their ears at pleasure, and the ei^oyment reaches 
its height when by the judicious disposition of 
lights, and the co-operation of two friends of 
mature years, a Red Indian and a negro a^ ex^ 
hibited jabbering in unknown toxxgues (Fig. 2). 

Natural riutdowg assume a position of soitoe 
importance, for wherever light can mob there 
they are sure to be produced. The mdkm 
lunar mountains, t or of Jupiter^s sa^Ute% m 
+ Soieaoe for AH,** VcL I., p* 7. 
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0^:4^ 'timm aria remar]^ 

fm:ha^ one of tii« m<mt extradr^* 

in 

O^jfSoiu i |»eak rises i^ruptlj Iroin the low 
conntiy to some 7,420 feet above the level 
of the sea, eommanding a fine view of 
the islimd scenery to the south-west and 
north^weet for a distant^ of Mty miles or 
mare. The phenomenon of the shifting 
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shadow ot the mountain is ^us described by 
those who have seen it It appears at sunrise, 
an enormous elongated shadow, ab, projected to 
the westward over land and sea to a distance of 
seventy or eighty miles. As the sim rises higher 
the shadow approaches the mountain rapidly, and 
appears at the same time to rise above the spectator 


passing over the of the mountain to the low 
oountiy, to proceed in a straight line. We have, 
in short, the |u*eeise conditions for the production 
of the now well-known phenomenon of mirage. 
The rays fkom the rising sun coming over 

mountain, F, in an 
oblique direction, 
p A, suffer total 
reflection in the 
direction ab; so, 
Ukewise, at subse- 
quent stages of the 
sun’s lising, the 
rays p o and p o 
are reflected in the 
directions ef and 
X K. We get thus, 
as it were, a reflec- 
ted shadow, which 
is constantly alter 
ing its position 
until the sun has 
risen sufficiently 
high for its rays 
to pierce the re- 
flecting strata of air over the low country to 
the west of the mountain. In Fig. 3 the shaded 
parts, B, P, and K, represent the position of the 
shadow at three different moments of time, fiK>ni 
which it will be seen that, as it appears to rise, its 
base approaches the mountain. 

Shadows, as we generally see them, are areas oi 




ia the flarm pyxaxdid of idiadow, x k, a 

Cff darkness suspended in the air. Each instant 
itappesvs to become mqre distinct, until suddenly 
It seems to fidl bade on tbe observer, and the next 
gone (Fig. 3). The ^v. &. Abbay^ 
iflm desettbsd ^ phrniomemm, thus explain 
the air at the summit of 
is«bbut 40' FaV» odder than tibat of the 

Strata of 
we have no longer 
tim nmfin^ is requisite for a ray, 


darkness on the surfaoei^ of solids ; but smoke and 
dust particles, which r^ily reflect light, render 
shadow very disiinot. In a smoky atmosiibere the 
shadow of a house is seen in the air as well as pro- 
jected on the roach the distinct line of division 
between the light and shadow being readily trace- 
able. Mist is also a very efficient shadow shower, 
and the moving veil of darkness seen in the 

case of Adam’s Pdik is tln^own on the morning mist 
which has not yet been dispelled by ^ solar lieat 
rays ; and similarly, in the case of the remarkable 
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S{)eebi» of the Bi^ooken, 
fttmo^eie Burroundmg the 
mduiiitiia eummit forms a good shadow gbund 

BrMcen, one of the loftiest of the Harts 
Moimtfi^ from the earliest times 

en^yed pre-eminence as the seat of the marvellous* 
Hm in times past the timorous peasant wba wont 
to s^ at break of day, black, gigantic forms, more 
fear^hspiring than any Oriental genii ever were. In 
his benighted state of mind he could but refer the 
effects he saw to magic, to that wonderful occult 


probably close at hand, and ere long have completdy 
vanished. The phenmnenon has been seen both 
at Sunrise and sunset, and one persevering m- 
vestigator, M* Haue, narrates how he was un^ 
successful in seeing it until he bad made no less 
than thirty morning ascenta 

When a person’s shadow is projected bn to mist 
particles an accompanying effect is at times ob- 
served which might nearly have been predicted — 
the head of the shadow is surrounded by very large 
crowns of colour. It will be noted that in such a 
case we have precisely the same conditions as for 
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influenoe which enabled a Michael Scott to cleave 
a mountain and do other marvellous acts. And 
now the traveller is shown on the summit of the 
Brocken the Sorcerer’s Chair and the Altar, huge 
blocks of granite ; he stoops to drink at the Magic 
Countein, a crystal spring ; or, m^be, plucks up 
the anemone of the Brocken, and is told it is the 
Sproerer’s Flower. His next great desire is to see 
the Spectre of the Brocken, for his brain being 
unobbwebbed with ancient superstition, he |)er- 
eetyes clearly that the spectre must be some 
natural phenomenon. He is successful in his 
effort most j:emarkab)e group of 

dbadbwa of himself and comrades. Looking west- 
ward while the aun is rising, he observes gigantic 
forw bf^^d^ mimic bvety movement 

that is made; they seem fki* off; and yet are 


seeing rainbows — viz., the sun behind, and the 
effect to be observed fair in front,* and the reader 
will have no difficulty in seeing, from what we 
know of rainbow phenomena, that if tlie observer’s 
shadow could be cast in the same plane as the 
rainbow, the head of the shadow would occupy the 
exact centre of the gorgeous circle. It is seldom 
that complete circular rainbows are seen, but at 
such times a shadow of tlie observer is in the 
centre. Figure 14 (Vol. I., p. 197) illustrates a 
case of this kind, whew M, Tissandier, having 
ascended in a balloon above the clouds, saw a 
circular rainbow projected on the vapoury atmo* 
sphere below, and fair in the centre was the shadow 
of the car lind its occupants. The phenomenon 
which is known as TTlloa*s Circle would appear to 
* « Sclenos for All,*’ V qL L, p. ISO. 
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be some'wliAt of the same i&atte, aad the foUowing 
are the mroumBtanc^ under which MM. tJUoa 
and Bougner eaw it Buriiig their atay m the 
Pkithhicha they were one moruing at daybreak 
ou the euimmt of the Pambamarea. Xhe moun- 
tain top was covered with a dense fog, which was 
gradually dispersed by the rising sum While they 
were watching this gradual disappearance of fog 
and light vaporous clouds, one of the traveUers, on 
taming his back to the lising sun, saw the appear- 
ance portrayed in Fig. 5. Standing apparently at 
a distance of twelve feet was an image of himself, 


diffisrenoe of iHumfaMdfag power in « 
there would be a chffimnee ef 
shadows, that shadow being tm bUb^ 
was illuminated 1:^ the weaker light, and M 
case in point e would be the weaker light 
precise information still could be obtained abcmi 
the relative merits of the lij^ts a and c by 
utilising the law of inverse squares explained 
in a former pa[)er«* This was done by Obunt 
Bumford, and the r6ad,er will now readily undeiN 
stand the principle of his shadow photometer or 
light-measurer. We shall be best able to illustrate 


surrounded by three concentric rings, shaded with 
different colours, while round the whole was a 
fourth ring of one colour only. The figure 
ininiicked eveiy movement of the observer, the 
rings keeping the shadow of the head as a common . 
centre. It is a singular thing that each of the 
travellers saw only himself, and not a group, as in 
the balloon ascent we have just mentioned. 

"V^en two lights send their rays towards the 


his method by a simple example. Sup^ioBe we 
required to know the relative iUominating powers 
of a paraffin oil lamp and a common candle, we 
might proceed in the following homely fashion 
(Fig. 7) : — Pin a sheet of white ffper against the 
wall as a screen to catch the shadoym ; place a rod 
of cane in the neck of a bottle, i, for a shadow 
prod\icer; and have a tape measure, t, with the free 
end of the tape pinned down at the bottom of the 


obstructing body, a couple of shadows pa|)er, so that distances from the screen may be 

ore thrown on to the ground, and one readily measured. Now bring , the lights to be 

generally appears blacker than the tested alongside tlie tape, and by putting the 

other. An exact comparison of the stronger light farther from the screen than the 
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two shadows may lead to precise information 
respecting the relative merits of the two lights 
themselves (Fig. G). Since a perfect shadow is 
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the total absence of light, it is apparent that the 
perfect shadows of produced by the lights a and 
c, ought to have the same degrees of blackness. 
But the shadows a and c* are each illuminated 
respectively by the lights e and a, and aro con- 
sequently much lighter than the perfect shadows 
would 1^. It is quite clear, therefore, t^t if the 
lights a and e were the same distance from the 
light obstructor 6, and if, moreover, there were a 


other, the distances may be so adjusted that the 
shadows o' and c' are both of the same degree of 
blackness. Suppose these are the distances of the 
lights from the screen 

Candle .... 7 feet 

Oil Lamp . . . . 12 „ 

The squares of the numbers, viz., 49 and 144, 
would express the relative illuminating powers of 
the two lights; whence it would appear that 
tlie oil lamp is not far short of being eqqal in 
illuminating power to three such candles, as, 
7» w « 1 

& £54 fiw. 

Shadow phenomena are somewhat di&rent when 
the sources of light are a luminous point 
luminous sur&ce respectively, as, s.g», a \ 
star and the sun. When a point of light 
the usual black shadow is Mnged with 
which form a gradation between the dartpsess 

• “Sdenoe for AlV^ Vol. HL, p^ m 



pennmbra which snrrotmda a pkaetaxy 
mn&oe xtf ii|^t iB emidoyad, the compltfte shadow, shadow is of exactly the same satnre as the foro' 
or »ttthni|ij| sdnomid by a Im complete dudow, going, and is produced in the same way (Fig. 9), 
or jK^ttntiriak As we have said, a brilliaat star For if s represents the surface of the sun, and R 
or {danet <ia an ezsimple of a point of light, and the earth, it is evident that the rays emanating 
^ Jdlin Herschd has observed that Venus, when from a, and those emanating from e, shine upon 
at its greatest bri|ditness, produces a shadow bor* R (Fig. 9), in a precisely similar manner to the 
dared with colour^ fringes, 
if the diadow be oast upon 
a white screen within a one* 

Vnndoired room, and under 
favourable mronmstances as 
to twilight For experiments 
of this sort an artificial point 
of light may be thus pro- 
duced: — Admit the parcel 
rays of the wun into a dark 
room through' a hole in the 
shutter, and then bring the 
rays together by means of a 
lens of short focus. The 
small image of the sun which is thus fonned at the rays falling on 6 from a and e (Fig. 6), and a dark 
focus is a brilliant point of light. shadow, u, is formed along with a penumbra p p'. 

These coloured fringes, running close and parallel The surface of the sun, however, is a collection of 
to the edge of the shadow when a point of light is luminous points like a and c, and it will readily 
used arise from what is known os the difiraction be perceived, what cannot so well be represented 
or inflection of light. We have learned in a in a sectional diagram, that the shadow of the 
former paper (Vol I., p. 362) that light is propa- earth is a cone of darkness, « ; and, further, tliat 
gated by ether waves, and these waves, if a screen of immense size could be placed at p p' 

■ when passing round the comers or to receive tbe earth’s shadow, we should have, as 

edges of opaque bodies, interfere with at s, a central dark circle surrounded by a ring of 
each other, and produce by theiv ac- penumbra. The only screen that ever shows ns 
conlance and discordance (Vol. I., p. . this darkness is the moon, and at such times it is 
363) the blue, yellow, and red fringes eclipsed. 

we are speaking of. From all that has been said concerning natural 

The production of a penumbra is and artificial shadows, we learn the simple lesson 
easier still to understand, and may be that wherever light can reach there shadow may 
thus explained : — In the experiment be produced — on a grand scale when the light- 
f1» 8.->Tor>- illustrate by Fig. 6 bring the lights obstrnctor happens to be a planet, and on a minute 

* » and e nearer to each other, until their scale when the tiny blood-vessels of the eye are 

shadows overlap. There is now a middle the light-obstructors giving rise to what we have 
space of ^rkness, the umhm, m (Fig. 8), and on descried in another paper as Purkinje’s figures 
either side of it, shadow less complete, the pen- (Vol. Ill, p. 116); and a knowledge of even so 
tnnhnr, pp'. The light from neither candle reaches simple a natural fact cannot but prove a source of 
u, whereas the penumbra is illuminated by one or pleasure when it is utilised for the explanation of 
Otbw of the candles. phenomena such as we have dealt with. 
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TABLE-LAimS, AND HOW THEY WBEE POSMBi) 

By PaonwfiOB P. Mabtik Ditnoab, F.B.8. 


T hebe are many parts of central and northern 
England, where thei*e are upland districts 
some hundreds of feet above the level of the rivers, 
and which extend for many square miles. These 
broad moorlands, comparatively flat on their surface, 
are surrounded on all sides by steep places and 
valleys, and look as if they were parts of the 
country which have been lifted up beyond the 
ordinary level. They have waterooui^es on them, 
thm^ are often peat beds there, and the heather 
grows on the wreckage of the sandstones and grit 
which form the sub-rock. From being at a con- 
siderable elevation, and comparatively, and in 
most cases quite, treeless, the air is colder on them 
than in the valleys ; and even when there is a 
sultry summer’s night in the dales, the tem|)erature 
is very much less on the high land, whence radia- 
tion into sjmoe occurs during the long hoiira 
of the still darkness. There are then places 
close together, where there are ditferant climates, 
and there is no doubt that the high moorland 
decides the production of mist, cloud, and rain, 
which would not occur were the country an 
ordinary rolling plain. The sides of these uplands 
are often very steep, and the bold slabs of rock 
which form the hills, stand out on their flanks, so 
that the substance of which these elevated lands 
are formed can be studied. Again, these slabs 
which form parts of strata, are, to the untrained 
eye, in long horizontal layers one over the otlier, 
but the geological surveyor shows that they are in 
curved lines, the bends occupying long distances 
so as to be almost imperceptible in some cases, but 
visible enough in others, 

There is a flne example of a small table-land of 
this kind in Derbyshire, and it is in the district of 
High Peak, where a peculiar geological formation 
of grit, or sandstone with visible grains, has to 
do with the formation of broad plateaux. The 
High Peak, or Kinder Scout, has an almost flat 
top of six miles long by two in breadth, and its 
edges are remarkably irregular, and jut out and 
come in, in a very sinuous manner. These edges, 
as the ascent is made, are seen to be parts of a 
great clifl" of sandstone it>ck, covered by about 
twelve feet of peat, and there are watercourses 
steep-sided and very winding in it. There is a 
splendid view from the tcq>, and the surface at 
one’s feet claims attention at once, for there is 


evidence before the eyes how this part of a once 
massive mountain has bemi wpm down flat. Even 
where there is no running water, and on the top 
the little tabledand, there are;, monumental-looking 
pillars of stone, more often broader at the top 
than at the base. They are nature’s monuments 
over and about a ruined country, and their top 
indicates the former level of the district. Worn by 
the slow activity of the air, sun, cold, and rain, 
and not by the sea or by running water, these 
stones, so frequently attributed to human agency, 
make the subject of the table-land all the more 
interesting. 

Standing on the Malvern Hilh^^the spectator 
on looking to the west, towiu^A ^ales, sees a 
tumbled mass of country before him, with rounded 
hills and deep dales in abundance, and in the far 
distance the tall, dark hills of the Black mountains. 
These are fiat-topi)ed, and tlioir table-land-like 
character is evident. Turning round and looking 
eastwards, a very different scene bursts on the 
eye. The great plain of the Severn is at the foot 
of the hills, studded with villages, dotted with 
towns, and magnifloently wooded. In the remote 
distance, a line of cliff-like countiy is seen, with a 
flat top, and it is the esoaiqment of the Cotswold 
Hills, on the top of which is a great table-land 
with a slight slope to the east. This is a plain 
on the top of the escarpment with valleys in it, 
and it extends miles and miles to the north, and on 
all sides. An escarpment looks like a sea-side diff, 
but it has not been produced by the same agenoiea 
and it is the result of the wear and tear of the 
rooks by the gentler influences of the atmospliere, 
rain, running water, and heat and cold. A cliff, 
in addition to these wreckers, suffers from the 
action of tide and wave carrying vast bodies of 
water, sand, and stone in contact with its base. 

These uplands, or comparatively level, elevated 
districts, standing on all sides above the ordinary 
country level, and more or less flat on the top, 
the simplest examples of some v^ grand and 
important physical features of the great land masses 
of the earth, and which are usually called ^^table 
land#/’ or perhaps more soientifioally, but not more 
expressively, **high plateaux.” The word table, 
of course, refers to the flat top placed high above 
the* floor of* the country, and the notion of Ifgs 
must bo replaced by the truth that a yaft mass of 
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In tttudjl&f table4iaids, 
ill ill neeecisaiy not to be much at- 
by ^ presumed excessively level or flat 
table4ilce top, for this rarely occurs, and indeed 
.^eome table- W mountains and volcanoes 

diising fiK>m them, and in their midst, and lakes on 
&kW snr&oe. It is now necessary to consider the 
diflbrent kinds of uplands in diflerent parts of the 
world, so as to attempt an explanation of their 
oocurrenOe. 

He great uplands of Asia, north of the Hima- 
layan Mountains, extend along nearly 30 degrees 


mobture of the air is slight, and whero the tem- 
perature is loa% There are lakes, and in one 
district— the Hundes — lemains of volcanic activity. 
Nothing can be more striking than the diSerenoe 
between the upland climate and its fauna imd flora, 
and those of the hot plains of India, 

Vast districts in Ceiiti’al and Westem India arc 
occupied by remarkable flat-topped hills, many of 
which are so extensive that they merit the name 
of table-landa Indeed, a considerable poriion of 
the surface of 200,000 squam miles is thus 
occupied. Along tlie westem sea-board of the 
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of longitude, from the sources of the Oxus River 
to those of the Hoang Ho, or Yellow River, of 
China, Their northern faceris the Kuenlun range 
of , mountains, and the southern part fits in here 
and there, amidst the great Himalt^w, which may 
be taken to be its southern boundary, and still 
farther south are tine plains of India, These plains 
hhve not a greater altitude than 1,200 feet above 
sea level ; then the Himalayas tower up in several 
parall^ series or ranges, running north-west and 
south-east, more or less, to a height of from 20,000 
te 28,000 feet. There is not a corresponding 
descent farther north, for the great table-land is 
tbere, rising even before the last peaks [>aSsed, 
ton. Ibight of 16,000 feet It is a land wheie the 
141 


peninsula of Hindostan towards Bombay, there 
rises a vast escarpment, looking like an inland 
clitr, and it leads to the uplands, called the 
Syhadri range. Terrace after terrace, flat-top|>CHl 
and precipitous, rises to the height of 4,000 feet, 
and the hill country looks down on the hot tropical 
slip between it and the sea, or the Koncan. On 
the upland, and extending for thousands of square 
miles, ai*e flat-topped spots, se|)arated by deep 
gorges, or river valleys, with steep sides. To the 
north, on the river Nerbudda, and to the east in 
Hindostan, scarps are also to be seen, and the so 
called Gh&ts in Eastern and Westem India are 
mostly in relation to this assemblage of great 
flats, which before the rivers wore their way down 
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and produced tiieir Talleys, T^ere one raet tables 
land. The vegetation of this distiict i$ peealinr : 
it is a tieeless land as a rule, and covered with 
long gi'ass, or rather, laige trees ai^ excessively 
rare, and those which exist, in damp situations near 
the sea^x^ast, are not evergi^ns. In all the cold 
season from November to Maioh tlie surface is a 
unifoim straw colour, there being but few green 
spots to break its monotony of tint Fix)m March, 
when the grass is burnt, until the commencement 
of the rains in June, black soil, black rocks, and 
charred tioe-stems give a i^uliar aspect of deso- 
lation. During the rainy season the surface is 
coveied with verduie, most beautiful in many 
places. On a grand scale is this series of table- 
lands, great rivers pass through it, and its thick- 
ness is as remarkable as its surface. Mile after mile 
the flatness is monotonous, but on the whole there 
is a slant fram west to east No great lakes exist, 
no volcanoes occur, but the whole table-land is 
volcanic in its origin, and there are many remains 
of ^Id lakes and of a few extinct volcanic vents. 
It is a repetition of the scenery and physical geo- 
grapliy of the Auveigne on a very grand scale, 
but the visible extinct volcanic cones of Central 
France (Fig. 1) are not represented in the far east. 
One remarkable lake must, however, be noticed, as it 
relates to the cause of this table-land of the Deccan, 
that is to say, of the districts of Central and 
Western India south of the great Vindhyan range. 
It is in the midst of the district, and about half- 
way between Bombay and Nagpur. There is a 
circular hollow about a mile across, and from 300 
to 400 feet deep, and at the bottom is a shallow 
lake of salt water without any outlet The water 
contains a salt of soda, and whilst the sides of the 
lake ai*e mostly on a level with that of the sur- 
rounding country, in one place there is a rim like 
that of a volcanic crater, made up of volcanic rock 
or basalt ; moreover, the inclination or dip of the 
sides neai* the lake, is from it outwaixls. ‘‘ It is 
impossible,^* write Mecllicott and Blanford, “to 
ascribe tins hollow to any other cause than volcanic 
explosion.** 

The map of North America and the rasults of 
the surveys, show that the shai>e and conflguration 
of the westei-n part is the result of the formation of 
tliree imjiortant, and more or less |)arallel and 
distant, mountain chains. There is one, the coast 
range of California; eastwards of it is the second or 
the Sierra Nevada, and then hundreds of miles off 
are the Rocky Mountains. Now between these 
last two is the gi'eat country of the canons (VoL 


I., p. 214-5), an upland 1^ yali^ 

cailons cS vast depth mud very pi^ipitbtu^ This 
over-drain^ ooiihtiy, bminded by nioun^ 
is a high table^land, and gedogy has proved thjst 
once it was a grmi lake district^ mtuated n0t 
much above sea-level, and hemmed in by low 
chains of hills ; u|>heavai and the piesent , state of 
things followed. 

Mexico is the countTy of table-lands, and 
its geography, climate, and |>eculiar animals and 
plants, ara singularly influenced by their great 
development Taking that part of Mexico pear 
the Qulf of Mexico, as our example, the city of 
Vera Craz and the country inland first require 
notice. The country around that city, and extend- 
ing inland for some sixty miles, is comiMratively 
low, and then an ascent commences, gradually at 
first and then very steeply, las some places a 
siiooession of terrace-like stepsleads up to the high 
land, and the ascent is, of course, then rather 
gradual ; but in other parts the country rises 
from 6,000 to 6,000 feet in a distance not ex- 
ceeding ten miles. The practicable roads for 
carriages are few, and in many places vegetation 
is not seen on the scarped face the rock, but only 
in the crevioca and along the course of the torrents 
and diy watercourses. This ridge or msarp- 
ment is about 600 miles long, and the distance 
between it and the coast is, in some places, thi^ 
times as great as it is in the neighbourhood 
of Vera Cruz. It constitutes the eastward 
edge of some \'ast elevated plains or table-lands 
which extend westwanls, and form the greater 
part of Mexico proi>er. These table-lands are 
(between 19® and 20“ N. lat.) 360 miles long 
from east to west, and reach over the continent 
to close to the Pacific, when diminishing gi*adually 
in altitude, they end in a low land whose trojncal 
vegetation testifies to the altereil climatal conditions. 
The extent of the table-lands north and south is 
great, and indeed the northern boundary is not 
defined, the uplands being connected witli those of 
the United States. But to the south, the plain of 
Mixteca|>an joining on to the low lands near the 
cast coast, crosses the isthmus at about 18“30' N. 
lat. to the Pacific Ocean, and forms the boundary 
of the high land. The table-lands are thus bounded 
on the east and south by plains and braken countiy .. 
and on the west also, whilst they are continued 
noi-thwarda. It is a vast upland region, and risee 
as a broken plain to a height of 7,600 above 
^'the sea eastwards; to the north the height of 4,000 
feet is attained, and to the sooth about 3^000 
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gradual do{>a to the Pacific ooaat 
Inuii the Gulf of 
Ifetiob to the Pacific, a dip of low ground Only 
intervening, and possessing a totally different 
otittiate to the torrid and moist regions of the 
isthmus between the Americas, this fable-knd 
is a physical bander between the great majority 
of the animalfl of N<n*th and South Ameidoa, 
prei^rniling their roaming and slow emig^ 
tion. There ai^ large streams intersecting the 
table-land, and very high mountains arise from 
the surface here and there or in lines ; moi-eover, 
volcanoes on the grandest scale rest upon it, and 
there are some large, important lakes placed thei-e. 
Hence these Mexican tabledands resemble a pait 
of a continent with its plains, mountains, and 
lakes upheaved far beyond the level of the sed. 
The mountains are in chams on tlie surface of tlie 
table-land, and whilst some are at its very edge, 
otliers traverse it. The volcanoes ai*e not in chains, 
but are more or less solitary. Thus, the edge of 
the table-land which is to the west of Vera Cruz 
lias a series of hills and mountains on it, and they 
rise at a hd^ht of more than 5,000 feet above the 
level of the sea; one attains the height of 13,415 
feet, and another (Orizava), of 17,373 feet above 
aea-level. The chain becomes one of hills to the 
north, which at last sink to the ordinary level of 
the plain. The oountiy or table-land to tlie west 
of boundary cimin, and which has been noticed 
to bo 360 miles across, is divided into four by 
iiiiiges of hills, which rise about 2,000 or 5,000 
feet above the level of the plain, and by higher 
mountains. Towards the east this upland is 
sterile, from the volcanic natui’o of the soil, but 
westwards it becomes fertile until the mountains 
are reached to the west. These contain one peak 
of 15,704 feet, and the highest mountain in Mexico, 
the volcano of Po^iocateiietl, which is 17,880 feet 
in altitude. The neighbouring plain to the west is 
7,480 feet above the sea, and on the north the 
plain ascends even to 9,000 feet ; but the western- 
most part or that part which reac^ies within thirty 
miles of the Pacific Ocean, is not as plaindike as the 
others, but is broken up by low ranges of hills 
covered with verdure. All ai*ound this gi'eat 
system, of uplands there is a more or less steep 
ascent formed by an escarpment. As might be 
exiiected, the olirhate on the table-lands and that of 
the belt of- low land which envii'ons them at 
leaat on three sides, differ much, and the hot 
cottntries, or Tiems Calientes, washed by the 
seaa on either side of tiie continent, are readily 


contrasted with the colder and in some 
stances almost frigid uplands. The mean summer 
tem|>€^ture charactexistio of the moist torrid hot 
regions is about 82^ Fahr., and towards the hills 
the mean annual temperature is 77^* Fahr.; the 
rain-fall is moderate, and occurs within certain 
months, and the vegetation is that of the warmest 
tropics* On the other hand the climate of the 
table-lands is tem{)erale, and vaiies with the 
elevation of the couutiy. Those to the west of 
Vem Cruz have a mean annual texnperatui'e of 62® 
Fahr. ; in winter the freezing-iioint is very rarely 
attained, and indeed all the lands about 5,000 feet 
alx>ve the level of the sea have a tempeiature 
between that just stated and 68® Fahr. There is 
not much difference between the summer and 
winter temperatures, and hence all tliese vast 
districts are decidedly colder than the others; 
they are called cold countries, cf IteiTas Frias. 
The amount of rain-fall is not great on the table- 
lands, and the soil is mostly poit>us, so that drought 
occurs often, and with the compai*atively low 
tem^iemture pix>duces a very different vegetation to 
that of the plains on the sea coast ; for the cactus 
tribe predominates, trees being almost entirely 
restricted to the sides of the hills. The very 
elevated uplands are still colder in their climate 
and more sterile, but some of the lower lands are 
fertile, and yield fine crops of cereals. 

It mnst be noticed, however, that artificial irri- 
gation produces wonderful crops in some places, 
and that certain natuiul gulleys, formed by rain 
and running water in a very loose soil, and which 
are called barrancas, have trees on their sides of 
vigorous gix>wth, aitd a mol's genial climate than 
the land they intersect. But the most vigovom 
upland vegetation differs lemarkably from that of 
the coast line. To the south of Mexico are the 
table-lands of Centml America, whei'e those of 
Guatemala merge into the high land of Yucatan. 
The table-land of Guatemala is esjiecially intoi'est- 
ing on account of the I'elation which some of thb 
gmndest volcanoes in the world b(jar to it. Near 
the town of Guatemala, on the northern borders, 
the table-land rises to 5,000 feet above sea level ; 
but farther north it is still liigher, and then the 
height gradually diminishes, until the wide and 
deep valleys aie x'eached, W'hich ai*e to the south of 
the Mexican uplands. No gimt range of moun- 
tains traverses the upland, and only low hills 
occur. But towards the Pacific side, the slope 
down to the low plain which bortleia the coast is 
very steep and high, and a few lofty volcanoes, 



mehiag 12,600 feet in height, >t«fid on the edge mountaina, end fenhs tilMaiid. XhoB 
of the denomt The eacerpment vhkh thna sepa^ the great rangea me nearly inde hgr aide^ ' ^lM^ 
ratea the ahore from the n{dand, ia waU like, and they eneloae Um iaimenae valley of the D ea if^p i ad e rp 
abovt twenty or.thiriy miles from the sea. Here, and also tire great lake, Titioaoa. 12)ia tqdand has 
agaht, the lowlands have a very damp and torrid an area <^<16,000 geogi«{dtioal sipure miles, and ia 
climate^, whilst the comparatively treeless table* between 12,000 and 13,000 feet above the level of 
lands ^oy a perpetnal a|aiug, the thermometer the sea. The lake is twenty times as large as the 
hardly varying throughout the year. Lakes exist Lake of Geneva, and is in the midst of a most in- 
rm these tebie-lands, and that of Peten in Yucatan tereating country, full of the evidences of a fotmm’ 
is seventy miles round ; there is one in Guat em al a , high civilisation. Finally, a ridge of hills runs 
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near the western edge of the upland, and it is across this upland, reaching some 3,000 or 4,000 
I'emarkable for its great depth and neighbourhood feet above its level. 

to a volcano ; and there is another eighty miles Still to the north there is the well-known tabl^ 
round it to the north-west of the town of San land of Quito. It is formed, like the othen, 
Salvador. Finally, in addition to the volcanoes between mountain ranges. This upland, at an 
and lakes, there is a geyser on the table-land which altitude of 9,500 feet at least, stretches south- 
ejects— aoconling to Haefkins — boiling water to a wards for nearly 4® of latitude, and is in rela- 
height of twenty or thirty feet. tion to some of the grandest volcanoes in the 

The system of table-lands in South America is world. Chimboiaso and Oarguairago and others flank 
included within the great chain, or the Cordilleras the plain, and this scenery is repeated still fkrther 
of the Andes. The mountain mass forms two or southwaids. Here, again, the climate of the up- 
even three vast ranges, which combine here and lands differs entirely from that of the sea coast, and 
there and then open out ; and the valleys between different groups of plants and animals exist close 
them, vast in extent, are not at sea-level, but their tether and under very divmrse conditions, 
surface is as high as the tops of many European In 1868 everybody was reading of the gallailt 






TAPIiB^IiANPS, A»P HOW TH»r WERE FORMER SKT 


Ox^ {date^a^ of tboir mountainioiiji 
Mftgdala wa« on ,one of tbom (Fig. 2), 
an^l ^ gveato part of the aoenety of the country, 
wiueh W9M' illuatmted by the aoientiflc and artistic 
pKtt ^ eatpedition^ was found to consist of vast 
h«i|^ and breadths of dat-topped hills separated 
by very deep ravines or gorges. In fiiot the whole 
oountry, intervening as it does between the borders 
of Ihe Kile and the east co^t of Africa, rises 
alwuptly fi^m the low country bordering the Red 
Sea and the Indian Ocean, and slopes more 
gradually on the west, whei^e the branches of the 
Kile have out out deep valley & Blanford says 
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be traced on the eastern outskirts of the region, 
and that the plateaux themaelres are <rften oovmd 
Irith old volcanic lava flows. 

Farther to the south, on the northern part of 
Katal, the distix^guishing feature of the landmpe is 
the presence of isolated hills on a high plateau, 
from which they rise some 2,000 feet The 
plateau is about fifty miles in length, and around 
it are other uplands which have been worn by 
rains and rivers, and are separated into a number 
of small table-lands. The level appearance of the 
top of the elevated country is, as in Abyssinia, and 
in central and western Hindostan, evidently due to 
volcanic flows which covered the country &r and 
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Fig. a— Biotiok aosom tbb Atuui tlAiroi. ( From. '* ITho Quaritrly Journal oftho Geological Booiety.”) 


that the average height of the range of hills which 
separates the streams miming east and to the 
west, is about 8,000 feet, and that the greatest 
altitude is 2,000 feet more to the south. There 
many plateaux of considerable extent are more 
than 10,000 feet above the sea. Tliey are deeply 
seai^ed by gorges, some even "9,000 feet deep, 
and some close to Magdala impressed every one 
who saw them by tibeir great depth and the exces- 
sive steepness of their sides, their breadth being 
small in comparison. The wear and tear going on 
in the gorges, by the denuding action of the atmo- 
sphere and heat, rain, and running water, is vast, 
and it is evident that formerly the gorges did not 
exist, and that the plateaux were continuous as 
Isrg^ table-lands. It is important to notice that 
iunounts of former vidoanic aciaon are to 


wide, as a succession of sheets, one over the other. 
The base of the country is formed of sandstone, and 
on it is this trap or consolidated lava. At the south- 
eastern extremity of this plateau, on the frontiers 
of Ziiluland, there is a district where the evidences 
of volcanic action are present, for there are an 
extinct mud volcano and upturned layers of rook 
altered by beat. In Zulliland many of the valleys 
are 2,000 feet deep, and their sides lead up to 
table-lands on which lava or trap rests, as a cap to 
the sandstone rock of the country. The valley of 
the Tugela is an instance. 

Table Bay, the harbour of the Cape of Cood 
Hope district, receives its name from the fiat- 
iopi)ed mountain close by ; and this shape is exces- 
sively common amongst the hills of much ci South 
Africa. Whether riidng suddenly ftom a wide 
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{dnin, or from doep and narrow rallqrai tbo char 
i*aot6rtatic high lands stand up as a succession of 
terraces, capped by a com])arattvely lerel surface of 
great extent, or an escarpment lea^ at once to the 
table^lands. Most of the pedestals and often 
the whole of the uplands, are formed of sandstones, 
or they may be capped by a layer of dense basalt 
or old volcanic outflow* 

On looking at a map of North Afiica^ it will 
be noticed that the groat deceit of Sahara is sepa- 
roted from the Mediterranean Sea by the Atlas 
range of mountains, which does not arise suddenly 
and precipitously from the desert on the south and 
the maiine tracts on their north. On the contrary 
a number of uplands succeed each other, gradually 
leading to the more mountainous regions, and they 
constitute a legion of high plateaux or table-lands. 
These uplands present vast barren surfaces, inter- 
ajiersed with little salt lakes or choUs, are without 
trees, and the hill-sides rise pi'ecipitously from them. 
But here and there, placed high up, and as it 
were on a pedestal of high land, aro cedar foi'esis, 
wliich have escaped the axe of the Arab, and these 
fine troes flank many a valley leading from the 
table-lands to the plaina Marvellous is the con- 
trast lietween these lovely forests and the desolate 
plains surrounding and leading up to them, and 
the arid deserts to the distant south. 

On travelling from Algiers to L’Agouat in tlie 
Sahara, after the low land of the plain of the Metidja 
is traversed, tlie slopes of the Lesser Atlas range aro 
ascended, and after passing upwards between 3,000 
and 4,000 feet, the rounded summit is seen. Beyond 
and south waixls no higher ground is met with, but a 
long stretch of comparatively level country exists, 
called the Plateau of the Tell. This is an irregular 
table-laud of an average height of 3,500 feet, and 
aljout 30 miles across. At the southern side of these 
uplands there is a slo|ie down to 1,800 or 2,076 feet, 
and there are the broad salt plains of what is called 
the Northern Sahara, and far away to the south is a 
low mountain chain, the Djebel Sahari. This leads 
to a wild, broken countiy of salt lakes and of masses 
of rock salt, at a heiglit of nearly 3,000 feet, and 
there, at a still higher altitude, are the High 
Plateaux of the region surrounded by e8car|)ment8, 
and forming a broad plain of thirty-five miles 
aci-oss, and 3,700 feet above sea level Then the 
ilescent begins, flat-topjied hills being common, 
until at last the great desert is reached, some of 
v/hich is at, or below, sea-level Thus the Atlas 
1 ‘ange near Algiers has mountainous peaks running 
in |)arallel lines, and between them, not higher 


peaks, but A high and cem^pamtii^y 

divided into throe portioni^ the central being the 

lowest (Fig. 3), 

There are, as may be gleaned from the examples 
given in «the illustration of table-lands, several 
varieties of them, and it may be prosmned that they 
w**ere not all produced in the same numner. Those 
of our own country may be taken as instances where 
river action has formed gorges mid valleys, and tlie 
denuding action of the atmosphere has assisted in 
their widening. The wear and teai* have been great 
in the valley, but not as great on the bioad hill- 
tops, where huge stones, often and erroneously attri- 
buted to the Druids, remain piled up above the 
level of the table-land, as monuments of an age 
when the whole country was higher, and the dense 
grits and sandstones I'eached up many yards abo\*e 
the present wom-down level. ^The influence of 
Bub-a^iial denudation in weating down and bcuI][)- 
turing the district, into its present featmes, is 
evident, but it is equally clear tliat the peculiar 
mineiulogtcal nature of the layers of the rock of 
the country, has had much to do with the foiina- 
tion of the flat-topped hilla The atmosphere acts 
chemically and mechanically on exposed ground, 
the oxygenation of certain minerals is constantly 
proceeding, and is assisted by the moisture of the 
air, or by dew and rain. All air contains a small 
quantity of carbonic acid gas (never uudei* three 
|)arts in 10,000), and tliis assists the oxygen in 
weathering the rocks, so that portions rendered 
soluble are readily removed by rain. The sun 
assists in this, for its heat and light render the 
ciiemical activity all the greater ; and the night’s 
cold and winter’s fix>sts odd to the destructive 
power. Portions of i‘ock expand in different 
degrees under the influence of the sun’s heat, and 
contract as irregularly whilst cooling : and the 
expansion of freezing water in cracks is followed 
by shaling off flakes and large pieces of i-ock, during 
the thaw, and all these causes produce loss of 
substance. Again, wind, especially when it driven 
sand with it, carries off and wegrs the Kx^ka ; and, 
finally, rain, and running, and sinking in wateiv 
cairy off the products of all the sculpturing, drain 
by grain, day by day, century afW centtiry, the 
suriace-wearing proceeds, and the top of the 
country, and its valley sides and floor, are 
gradually remor^, planed down, flattened, and 
widened respectively. Limestones, granites, and 
clays wear down in time, and forba hills dt a 
definite shape, but not flat-topped ones. On Uio 
oontiury, sandstones and grits, wind) have a f 
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at the top aad into gullies at the 
aides. Agaio, xiAany ix>cl^ have been poured out 
Oh the earth by volcanoes as lava-flows, and liava 
consoUdati^ into geometrically-shaped layers, called 
basalt or trap. These hard^ glassy rocb wear in 
the. long run, but more slowly tlmn most others, 
and retain a flat surface. If they are placed on 
other rocks they protect them more or less on the 
top, but the sides fall away, crumble, and are eaten 
into by rain and rivers, and, finally, moro or less 
isolated table-lands are formed. It is this very 
unwearable nature of the top of volcanic layers, 
and the moie ready wear of the under rock or of 
its sides, that give the special landaca|)6 of high 
separate table-lands to those districts in central and 
western India, Abyssinia, Zululand, and Natal, 
which have been noticed. Denudation, then, of the 
top and sides unequally, and the particular nature of 
the rock, decide ^e pi^esence of table-lands in some 
instances ; and nothing can bo more overwhelming 
to the mind, than the attempt to estimate the time 
which these lands took to wear asunder, and to 
become lowered (high as they are) as well There 
is another agent which has to be considei^, even 
in the formation of these table-lands of denudation, 
and it I'efers also to the next great altitude of 
** intra-mountaiii ’’ table-lands. 

There is a kind of sameness in the position 
of the great table-lands of the Himalayas and 
Tibet, of the Atlas, and of the Andes, for 
they are situated in the midst of the regions 
of the highest (leaks, and really form . large 
parts of the mass of the mountains, having gimt 
length, bi*eadth, and height Differing in their 
climate and vegetation from the plains at sea-level, 
these table-lands have been elevated subsequently 
to the process of that cuiwing ami bending of the 
strata which constitutes the first stage of mountain- 
making. Earth-sculpturing and valley-making 
had proceeded among the mountain masses before 
most, if not all, of the table-lands of the series now 
under consideration existed. On examining the 
layers of earth of the l?ibetan and intra- 
Himalayan uplands, they ai*e found to contain 
fossils of animals which lived late in the geological 
history of the world, and after there had been a 
Himalayan chain at a low level. Subsequently 
came a great upheaval, and 12,000 feet at least were 
added to the height of that enormous eartli-mass. So, 
in the case of the Andes, the elevated plateau of 
Lake Titicaea was once at or below sea-level, and 


the upheaval of the chain, and really of the whole 
of that port of western South America, produced 
the scenery of the lake, plain, and mountain 
towering over all. . 

Tlie comparatively late upheaval of the old 
plains of the area of North Africa is evident,, 
from the remains of Mediterranean species bf 
shells which are found up tlie mountain side in 
the Atlas ; and it is clear the upheaval has pix)- 
duoed the table-land out of the former sea-side 
plain. Many of the plains thus elevated into up- 
lands commenced as broken ground within range of 
the sea, and were planed down by it during the 
process of fore-shore making, by what is termed 
marine littoral denudation. And, doubtless, many 
wei*e lakes which became filled up with deposits, 
and tlien the fiat surface and all l^neath ware up- 
lifted during the grand, geneml, upward movement 
tbei*e, of the earth’s crust Even in the instance 
of those table-lands which were consideied first of 
all — ^those which have been produced by the for- 
mation of deep valleys all around them — this great 
factor came into play, for in eveiy instance tlm 
layers of earth or of volcanic mattcjr which form 
the thickness of the land, were deposited origi- 
nally flatly, and at a low level, below or not far 
above water-level ; and, subsequently, upheaval 
placed them far above, and subjected them to the 
action of a wet climate, and luin and running 
water. 

The occun*enoe of volcanic ejections or of vol- 
canoes in and about some table-lands is almost 
invariable, and esi)ecially in those which are con- 
nected wdtli the main masses of mountains. It 
appears as if the upheaval of such vast thick- 
nesses of earth must diminish the pressure which 
suhteri'aneon substances are subjected to under 
other conditiona Tlien the internal heat of the 
globe could moi^ readily fuse and develop the lava 
and other mattei’s which force themselves out, with 
steam, through parts of the chain when thei’e is tlie 
least resistance, and flow often over tlie land in a 
series of consecutive sheets. Table-lands thus de- 
I>end for their formation, iiyyon grand movements of 
elevation in the earth’s crust, on denudation of the 
upheaved surface by air, heat, cold, min, and rivers ; 
and some have been fashioned more or less by 
volcanic overflows, and even by the i)laning action 
of the sea, when great tracts of laud now raised 
high above, lay, it may be, os far below the level 
of the ocean. 
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FLOWERS AND INSECTS. 
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I N deBcribiug the prooess hy which the ovule is 
fertilised,^ for sitnpUoity’s sake it was found 
most oonvenient to consider that the pollen fell out 
of tile anthers on to the stigma of the same plant 
HiIb doubtless happens in some species ; but within 
the last twenty years, discoveries, which every day 
are increasing in number, go to prove that this is 
by no means so frequent ns 8up{K>sed, even when 
stamen and pistils are found in the same blossom. 
In reality, however, there are many plants — ^for 
example, the hop and the Indian com — in which 
the flowers containing the stamens are home on 
one part of the plant, and those bearing the pistils 
on another. This makes it a mere matter of chance 
for the pollen to reach the stigma, if the typical 
method of fertilisation were to apply to them. 
There are, however, numerous plants which have 
the stamens on the flowei*s of one individual — for 
example, the hemp and the common Aticuba 
Japoiiica of our shrubberies — and the pistil on 
those of an entiiely different one, which may or 
may not grow in its vicinity. In such a case 
fei*tiliBation, unless some moie or less artiflcial 
means ai'e adopted to carry the pollen from the 
one plant to the other, will become all but impos- 
sible, and as a consequence the ovules will die 
away without becoming seeds, and the species 
require to be propagated in some other way than 
by seed. But the exceptions to the rule do not 
end hei'e. In many plants, such as the Arum, or . 
Ouckoopint, the stamen and pistils are in the same 
flower. But they do not ripen simultaneously. 
Hence, they might just as well be on different 
plants, for when the anther is ready to shed its 
pollen the stigma is not ready to receive it Tlie 
result is that unless some other means than that 
which we formerly described is adopted, the plant 
cannot by any possibility be fertilised or its ovules 
put in the way of becoming seeds. However, 
though the exceptions to the ordinary mode of 
fertilisation already indicated may seem so nu- 
merous that they almost outnumber those in which 
the rule obtains, they do not end here, for Nature 
loves variety, and though economical in her methods, 
takes care to secure an important end by different 
means. When considering the primrose f we 

* “Flowering,*’ “Scienoe for All,” Vol. HL, pp. 29--3t 
+ ^^APriinrow,** “Scienoefor AU,” Vol. H., pp. 215-221. 


mentioned that there were two fonns of that phuat 
— the one with shbrt stam^ig and a long style, and 
another with long stamens mid a short style— «>tbe 
two plants differing, however, in no other particular 
patent to the eye of the ordinary observer (1%^ 1). 
Yet it has been discovered — and in this respect the 
primrose is not singular among plants— that the two 
forms act towards each other almost as if they were 
ge|>arate sjiecies, and require an intermediary in 
order to get fertilised L^t of all, there are many 
plants (e.y., orchids) in which thei'e are stamens and 
a pistil in the same flower, but which by additi<m 
of some peculiar anatomical contrivances cannot by 
any possible means fertilise themseh^es ; the pollen 
of one plant requiring to be carried to the stigma 
of another by means of an insectal “go-between.” 

This brings us to the question of what means 
are adopted to enable the pollen of such plants as 
we have noticed to reach the stigma of the plants) 
It is of course a familiar fact to every one that 
insects visit plants, sometimes to feed u^ion their 
flowers or foliage, but more frequently to suck the 
so-called nectar, or honey, which is seci^ted at the 
base of the ]>etal8, or in some other part of the 
flower. “How doth the little busy bee improve 
each shining hour” is admirable as pointing a 
moral for lazy bi]>ed8, but in reality the “busy 
bee ” is not permitted to rifle the flowers without 
making a return for the food with which the flowei 
has supplied it. It is, indeed, now almost estab< 
lished, through the vast series of intensely interesting 
observations which the last few years have accumu- 
lated, that flowers which have honey must be visited 
by insects in order that the insects, in scrambling 
into the corolla in {search of this sweet food, may 
mb off the pollen |)owder, and thus carry it into the 
next flower which it visits, and then shake it on to 
the stigma of that flower — ^thus “cross-fertilising’' 
flowers of the same species, and sometimes, when 
the species are not very widely separate producing 
a mule or hybrid between them^ this hybrid not 
being able, except in exceptional eases, to perpetuate 
itself by means of seeds. In a word, tiie flower 
acts to the bee as the proprietors of the American 
“free lunch bars” do towards their patrons. To 
use the words of a famous Transatlantio botanisti 
“ whei^ ^free lunches’ are provided, some advantage 
is generally expected the treat” — a simile 
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V* The bee/ all doaiy as a ndll^, 

I^ea his toU el powdery gold^' 

-^yei, in reality, it is the flower whioh in this 
way makes the bee pay toll for the meal with 
wMoh it kaa been supplied. The wind, the 
water, and even humming and other bh*d8 whioh 
visit flowers in search of insects, aid in carrying 
the pollen from flower to flower. But to insects 
the cross-fertilisation of plants is chiefly due. 
There is scarcely an ins^t which visits a plant for 
some purpose or another but aids in this task, and 
the contrivances which they unconsciot^sly put in 
force to at once accomplish the double duty of 
feeding themselves and repaying their host for the 
banquet which it has provided them with would All 
volumes : indeed they already have filled several, 
and are likely before another decade elapses to 
All many more. We can therefore only outline the 
subject, and give a few brief illustrations from amid 
the vast multitude whioh lie ready to our hand. 

We have spoken of primroses. Mr. Darwin 
having covered up a pot of long-styled and another 
of shortetyled primulas (Fig. 1), the most part of 



\ FIowsm of a Long-Strled (1) and 
id (2) Primula. 

them flowered, but did not produce seeds. Hence 
he considered that the agency of insects was neces- 
sary for their fertilisation ; but as he never saw 
an insect visit the plant during the day, he con- 
sidered it probable that night-moths might visit them 
for the si^e of their honey. He tried to imitate 
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the action of insects in aearcfliii^ for the honey 
of the flowers, and, as we have seen, the results 
were of great interest. If we introduce into the 
corolla of a short-styled cowslip the proboscis of 
a bee, the pollen of the anthers, situated at the 
entrance of the tube, adheres around the base of 
the proboscis ; and it will necessarily happen that 
when the insect visits subsequently a longHstyled 
cowslip, the pollen so taken up will be scattered 
on the stigma of that plant. But in this new visit 
to the long-styled cowslip, the proboscis, in descend^ 
ing to the bottom of the corolla, will find the pollen 
of the anthers which lie at the bottom of the tube : 
that pollen will attach itself to the summit of the 
proboscis, and if the insect should visit a third 
Aower which is short-styled, the tip of the proboscis 
will touch the stigma situated at the bai^ of the 
corolla, and there deposit the pollen. 

Furthermore, it is necessary to admit as probable 
that in the second visit mentioned above-— to the 
long-styled flower — the insect, in retracting its pro- 
boscis, would leave upon the stigma a part of the 
|X)llen taken from the anfchers situated below ; and 
thus the flower would become self-fertilised. On 
the other hand, it is almost certain that the insect, 
in stretching its proboscis into the short-styled 
corolla, will have brushed against the anthers in- 
serted at the top of the tube, and thus caused a 
certain quantity, more or less, of the pollen to bo 
shed on the stigma of its own flower ; and further- 
more, wlien we take into consideration the fact tliat 
minute insects of the genus Tkrips nin about the 
flower in every part, transporting the pollen of the 
anthers to the stigma, the chances of a primrose 
being self-fertilised are considerable. It has, how- 
ever, been found that more seed is set if the pollen 
from a long-styled plant be placed on the stigma of 
a short-styled one, and vice vered^ than if the flower 
be fertilised by the pollen of the same form — even 
taken from a different plant. It has even been 
found that such unions in cowslips and primroses 
are more sterile than crosses between nearly-allied 
though distinct s})ecieB of plants. Thus the object 
of this arrangement of nature is evidently to prevent 
a too close interbreeding, and the consequent deteiio- 
ration of the plant’s vigour. It has been attempted 
in Belgium and Germany to carry this principle 
into piuctioal agriculture by drawing a rope across 
the full-Aowering ears of a Aold of com, and thus 
causing the plants to be fertilised by the pollen of 
different individuals, by the rope brushing against 
the ears of grain. In some cases it appears to have 
been useful in increasing the yield of certain crops. 
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The hiitehell (Campanula)^ the fig^ort {Scmji^A^ 
taria)^ the gra4k8 of Parnassus (ParMSsia), a beaiiti- 
folflower, very common in bogs and swampy heaths, 
ihc.| are iJU gt^ examples ci jdants in which the 
stamens are ready to dischai^ the pollen bt^ore 
the stigma is ready to receive it, and which, there** 
fore, require the aid of inseoto to assist their feHi-* 
lisation. But one of tlie most apt examples of this 
is exhibited by Chrodmdron Thrnn^toncr — a plant 
originally brought from the Old Calabar River in 
West Africa, but now very common in our conserva- 
tories. Fotir stamens, with very long filaments and 
an equally long, slender style, are roUed up together 
in the ooralla bud. When this expands, the stamens 
straighten out nearly in the line of the tube of the 
corolla, and their anthers open ; the style is bent 
fiir forward as to point downwards; and the 
stigma is not yet ready for pollen, its own branches 
being united. So a butterfly, in the act of drawing 



llg. 2.— Stamens of ibe Bsrberii (1) and Mahonia (2) (mndi 
magnified). 

nectar from this flower, will get the under side of 
its hotly dusted witli pollen, but will not come near 
the reflexed or still immature style. But in a 
flower a day older the stamens are found to be 
coiled up (the opposite way finra what they were 
in the bud), and turned down out of tlie way, 
bnnging the anthers nearly where the stigma was 
the day before, while the style has come up to where 
the stamens were the day liefore ; and its stigma, 
with branches outspread, is now ready for pollen — 
is just in f)Ofdtion and condition for being dusted 
with the pollen which the butterfly has received 
from the anthers of an earlier blossom.”* 

In the common barberry (Fig. 2) a somewhat 
* Gmy ( PlaaU Behave,^* p 22. 


diffbt«nt Tkehfmi^ 

stamens are extremely imidble. 
an insect alights on them, they forward and 
stiike it, the effect ef thfo sudden moveme^ beiog 
tliat the insect is dusted over with the pollen. Ihe 
movement has also, as 8ir John Lubbock has pointed 
out, in some cases the effect of startling it and driv^ 
ing it away, so that t^e humble aide-de-camp carries 
away the pollen thus acquired to another flowei*, 
without any unnecessary loss of time. The rook rose 
(Helianthemum) also shows a somewhat similar or* 
langemeht ; but its history is not so marked, for 
the plant is almost sure to fertilise itself if insects, 
owing to the absence of the attraction of honey in 
it, fail to visit it and irritate the mobile stamens, 
Kalmia (the '^American laurel ”) is a New World 
genus, the waxy floweie of some species of which 
are familiar in our shrubberies, ta this plimt the 
anthers are contained in little pouches on the inside 
of the corolla, so that the ten stamens are bent all 
around the stigma in the form of springs. When 
a beC visits the flower to seek for honey, the pit)- 
l>oscis lowers the stamen, which springs up with 
force, dischaigtng, by the pores of the anther, |)ol- 
len-grains, either on to the stigma or on to the 
insect, which flics to another flower with them, 
rei)eating the same process, and so aiding again and 
again in cross-fertilisation. Bnch is the aoeq^nt 
given by Professor Beal, of Michigan, who sttites 
that if tlie flowers are covered with gauze, and insects 
thus prevented from visiting them, no seeds set. 
It is thus probable that this, like many other plants 
— the common iris, or sedge, the ** bleeding heart 
{pielyt/ra epecUd^ie)^ the wild fumitory, (he., in- 



Fig. S.— Vertioal Saotiou of two Jlowovi of AritM^oUe Omati§, 
ifTheTonov FlowiMr betoy^ ; % 01d«r Flower «fM>r 


eluded — requires croBS*fertiIisation before imprqg* 
nation can l)e eflected. 

In Arietolochioj or birthwort (Figs, 3 imd 1), a 
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Tlidloligtconiraoted 
irlikii m Ameiioa hm given 
0ne of the epeoies the ooxntnoii name of the ** Dntoh- 
«nan^ pipe/^ or pipe vine— ia lined vrith haire, and 
nt the bottom expands into a chamber, where there 
is a broad stigma without a style, surrounded with 
stamens which ate placed below it, but with l^ieir 
anthers turned away from the stigma, so that none 



Fi^. i. ^Ari**olwihia CUmtUit^ aliowitig Flies ohaifjred with Pollen 
Penetrating the Flower, in order to place it on the Stigma. 


of the pollen can fall on it. If an insect enters, the 
hairs prevent it from making its escape, but as the 
flower advances the hail’s somewhat relax, and 
permit of the escape of the winged messenger, laden 
with the pollen, which, in its struggles to get free 
at the bottom of the corolla, it has become covered 
writh, and which it caiTies to another plant, the 
stigma of which is ready to receive it. 

In leguminous plants, especially of the papilion- 
aceous division, there also exists an interesting 
arrangement to compel oi’oss-fertilisiition. Take the 
common sweet-pea as an example. In this plant 
we find the stamens and pistils united in the form 
of a sort of keel, so dose together that it would 
seem impossible to prevent some, if not all, of the 
]K>Uen*grains falling on the ripe stigma. However, 
so important does cross^fertillsation seem to plants, 
that without the intervention of insects it rarely 
hapiiens that a single seed is produced. The intru- 
«upn of insects causes the stamenal column to free 


itself from the place where it lies in the ked, and 
so cover the winged visitor with a cloud of poUen. 
Mr. Darwin has shown that bees, in visiting the 
fiowers of tiie scarlet kidney bean, always alight 
on the left wing, and in so doing depteas it. This 
immediately acts on the keel, which forces the 
pistil to protrude. On the pistil is situated a 
little tuft of hairs, which, by the repeated move- 
ments of the keel, brushes the pollen from the 
anthers on to the surface of the stigmsu 

Bees tive necessary to the fertilisation of some 
kinds of clover. This fact the New Zealand Go- 
vernment have discovered to their great dismay^ for 
the Dutch clover in that colony will not produce 
sufficient seed, owing to the absence of the particular 
bee necessary to fertilise it Again, it has been found 
that twenty heads of Diitch clover yielded 2,290 
seeds ; but twenty other heads, protected from bees, 
yielded none. In like manner, lOQ heads of , red 
clover produced 2,700 seeds, but the same number 
jH’otected from the visits of insects, were all sterile. 
Hence it may be logically inferred that as no other 
insects visit the clover, were the hiunbla-bec to 
become extinct in England the plant which is de- 
jieiident upon it for existence would either become 
oxtinct or at least comparatively rare. Indeed, 
Mr. Darwin suggests that the clover is dependent 
for its life on the cat. This is his line of I’eason- 
ing, which in spite of now being hackneyed is 
still sufficiently interesting to be quoted afi'esh. 
Field mice destroy the nests and combs of 
the humble-bee ; they in their tiini are destroyed 
by cats — and hence the existence of the species of 
clover named may be said to be dependent on the 
number of cats in a dbtrict. This useful animal 
may again owe its abundance to the number of 
unmarried ladies of mature years, who are conven- 
tionally believed to favour its domestication ! 

Tlie showy bleeding heart, which comes from 
Japan and China, rarely *‘sets’^ its seeds in our 
gardens, probably for the reason that the insect 
necessary as an intormediaiy in its fertilisation is 
not found in this country. The Amexican yuccas, 
or “Adam’s needles,” ai^ “ protandrous ’’—that is, 
their stamens are ready to discharge their pollen 
before the stigma is ready to receii’e it. Hence 
the glutinous pollen must bo conveyed to the latter 
organ by some other agency. This go-between is a 
little moth {Prmivha yticaseVa)^ which, according 
to Professor Riley, is the only insect that assists 
in this operation ; and accordingly, in the Nortiieni 
States and elsewhere, the yuccas, though cultivated 
for their flowers, cannot seed, on aocount of the 
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absenoeof theinaeot The female uiaeoi only baa bee alone, and m idl ipe^ 
the lower joint of the maxillary pal|ma wbndmfolly teveaUng amuagementg to petmit of Inaeota 
modified into a long preheneile apined tentada ing them and eartying off the |M^bn to ettmr 
With thia tentacle she ooUeote the pollen and planta (Figa 5 and 6). In the common pai^ 
tiuniats it into the atigmatic tube^ and after having ^ere are two kinds of flowers — ^minute smxm* 
thus fertilised die fiower, she conmgns a few eggs spionons mies, which usually produce the see(4 and 
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to the young fruit, the seeds of which her larvae 
feed upon. In like manner JDuvemoia adkatodoidee, 
a plant of the Cape of Good Hope, Mrs. Barber has 
shown to be fertilised by a large insect of the bee 
and wasp family (Xylocopa), which insect fertilises 
no other plant. Accordingly, Dimrnoia could not 
in all likelihood produce seeds in this country. 

The same fact is true of the pansy ( Viola tri- 
color), for this plant is also visited by the humble- 


showy ones, which, contraiy to the case in the 
English species of violet, habitually produce seeds 
alsa The inconspicuous, ** cleistogenons/’ or 
‘‘cleifltogamous," flowers are always self-fertilised, 
and accordingly the persistency of the ishowy 
ones, Sir John Lubbock thinks, can be aocountod 
for only by the fact that the ordmaiy flowers are 
useful in obtaining an occasional cross. 

In Viola ea/nina (the dog violet), an equally oom* 
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the flower is iatereet- 
ing.(i^ petals are fire ui number, and 

irMynlar in lann^ the median one being prodnoed 
ittto a boQow. jqaw*, i^e entmaoe to whi(di is pro- 
teoted igr the stigmai partly by two tofts of hidrs, 
<f vathmr of delicate lobular proeessest situated on 
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the two median petals. The stamens consist of a 
short filamenti to which the anther is attached, and 
terminal membranous expansions, while the two 
lower stamens also sehd out each a long spur, 
which lies within the spur of the median petal, and 
secretes honey at its fleshy end. The terminal 
membranous expansions of the flve stamens slightly 
overlap one another, and their points touch tlie 
pistil, so that they enclose a hollow space. The 
pollen differs from that of most insect-iertilised 
flowers in being drier and more easily detached 
fi’om the anthers; consequently when the latter 
open the pollen drops out, and as the flower is 
i*ey6r8ed and hangs down, the pollen falls into the 
closed space between the pistil aiU the membranous 
termination of the stamens. The pistil is peculiar, 
the base of the style not being stiaight, as usual, 
but thin and bent The stigma is the enlarged end 
, of the pistil, and shows several small fleshy projec- 
tions. It will be obvious, from the above descri[>- 
tion, that when a bee visits the flower her head will 
come in contact with and shake the stigma, thus 
opeiung, as it y^ere, the box containing the pollen, 
and allowing it to fall on the head of the bee. It 
is &UII carried away, and some hardly fail to be 


deposited on the stigma of the next violet whidh 
the bee visits.”* 

But it is probably in the great family of orchids 
that the most ourioue and varied contrivances exist 
to juevent self-fertilisation, and to allow of insects 
aocomiflishing this as the intermediary between 
flower and flower. We have thirty-five q^ebies 
of wild orchids in Oreat Britain, but it is in the 
hot, damp forests of the Tropics that these bizarre- 
looking flowers, admired not only for their lovely 
forms and delioat3 perfume, but curious for the 
strange mimicry of insects and other animals 
which thejr take, attain their greatest luxuriance. 
Mr. Bateman, whose study of the order is as pro- 
found as his works describing them are sumptuous, 
remarks that flies are mimicked in Ophrye miedfera^ 
bees in 0, apifera (the only British orchid capable 
of self-fertilisation), drones in 0. fudfera^ spiders 
m 0. amnifercu The columns of many of the 
Catasetums and other genera make excellent 
grasshoppers Mosquitoes are borne by Tridt^ 
ceroe antennifer^ or Fhr de Moeqmto of the Peru- 
vians ; dragon-flies by lienantkera arachnites ; 
moths by Phahmiopais amahalia. Insect- like 
antennie are also conspicuous in the flowera ot 
Restrepia antennifera. The butterfly -plant of 
Trinidad is now the well-known Onddivm 
Swans are found in the sj^ecies of Cymoclm ; 
doves in Peristeria eldta ; |)elicana in Cypripc- 
dium irapaanum^ which, from the great resem- 
blance of its flowers to the bird of that name, is 
styled by the natives FUrr de pelicano. The skins 
of the tiger and the leopard are rivalled by the 
petals of such plants as Sta'iihopea tigrina, Bolbo 
phyllum leopardhmm^ &c. The fioa lyncea oi 
Hernandez {Sianfiopea Martiarw) is so called 
from its lynx-like eyes and teeth ; Dendrohium 
taurinuin has much of the bull about its face ; 
and various QaiaaeU.i—^0* aerniapterum especially 
— ^giin like the ugliest monkey. Aceraa tmthra 
poplwra, the man-orchis, is a well-known British 
plant. Even extinct animals do not always esca])e: 
a geologist would instantly recognise the head of a 
Dimilmimn in the flowers of MaadevaUia ir^fracta 
PleurothaUia apldoceplunla has a strong resemblanoe 
to a serpent’s head, and Pholidota imhricata an 
equally strong resemblanoe to a rattlesnake’s tail. 
Lizards occur in Pleurothallie aaurocephala and 
Epidendrmi lacertinum, and frogs in Epidendram 
raniferum. 

Tlie whole family comprises about 6,000 species, 

* Labbook : ** Britbh WUd Howen in BoUtlon to Inseota” 

p.60. 



366 


sGim0M wm Aiju 


mid of these there is perhaps not one whioh does not 
display methods more or less extraordinary to in 
the 6rst place prevent selMertilisationi and in the 
second to compel tiie insects which visit the flowers 
to peifoim this office. We shall take, almost 
at random, only two examples, one a British 
species, and the second a foreign form, premising, 
however, that they by no means afford exceptionally 
curious examples of the contrivances to which we 
.have referred. Orchis maculata (Fig. 7), easily 



Pig. 7.~--Orchi» moouloia, showing how Bmni oaxTT on tbolr hnadbi 
Pollen-DiMSM to SugwA of another Flower. 


distinguished from most of tlie order, though not 
from its neat^est ally, 0. mascula, by its dark spotted 
leaves is a common plant of meadows, pastures, 
and o|ien woods. As in all the order, the pollen 
forms two ))ear>8haped masses.* When an insect 
visits the flower, it pashes its proboscis down the 
nectary, and in doing so brings the base of its 
proboscis in contact with the sticky basis of the 
“ pollinia,” so that when it returns it brings with 
it, attached to its head, the two pollen-masses. 
TJiese pollen-masses, by the contraction of their 
bases, bend forward and downwards, so that when 
the insect visits another flovrer the ** thick end of 
the club exactly strikes^ the top of the stigma, 
and by the rupture of the delicate thread which 
unites the giains together, can fertilise several 
* *• Science for AU,” Vol. H., p. 218, Pig. 8, 


flowers, without being 
the bee. !!Phi8 fkot of bees cartying away 
pollen-masses was long known. Bee4eepem, flndiug 
their wards thus incommoded, considered it a 
— ^ wliich they designated the ** bee-sickness ”---imd 
it is only within a compavativelj late period 
that the true sagniflcanoe of the oiieratton has been 
asoei’tained. This description applies generalljr 
to all the British spedes of the genus Orchis (0. 
pyramukUis excepted), as well as to the man-m^Ud 
already mentioned (p. 365). In Coryanihec ma- 
crantiM, a Trinidad stpeciea, and the only other on^ 
of the order to Whi(^ our, space will allow us to 
refer, the phenomena displayed are so strange tlmt 
in order to do justice to them we shall quote the 
description which Dr. Orttger, who witnessed them, 
gave to Mr. Darwin. This botanist found the 
labellum, or eicpanded portion^' of the corolla, 
^‘hollowed into a great bucket, 'in which drops 
of almost pure water continually fall from two 
secreting boms which stand above it, and when 
the bucket is half full the water overflows by a 
s])Out on one side. The bare part of the labellum 
stands on the bucket, and is itself hollowed out 
into a sort of chamber witli two lateral entrances ; 
within this chamber are curious fleshy ridgea Hie 
most ingenious man, if he had not witnessed what 
takes place, could never have imagined what 
purpose all these parts serve. But CrOger saw 
ci*owds of large humble-bees visiting the gigantic 
flowers of this orchid, not in order to suck nectar, 
but to gnaw off the ridges within the chaiitber 
above the bucket In doing this they fluently 
pushed each other into the bucket, and their wings 
being thus wetted they could not fly away, but 
were compelled to crawd through the jiassage 
foimed by the spout or overflow. Dr. Cr'uger saw 
a * continual procession* of bees thus crawling out 
of their involuntary bath. The passage is narrow, 
and is roofed over by the column ; so that a bee, 
in forcing its way out, first rubs its back against 
the viscid stigma, then against the viscid glands 
of the pollen masses. The pollen masses are 
thus glued to the back of the bees which first 
happen to crawl out through the |)a88age of 
a lately-expanded flower, and are thus caitied 
away. . . . When ^e bee, thus jn^vided, 

flies to another flower, or to the same flower 
a second time, and is pushed by its comrades 
into the bucket, and than crawls out by the 
passage, the pollen-masses necessarily come first in 
dontact with the viscid stigma and adh^ to it, 
and the flower is fertilised. Now at lost wo 
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tlte jMbrt the flower, tbe 

h^am, dP the boeket balf fttll of 
Wile>v proveiite ^ h^m bom flying away, 

and Ibroea ihem to orawl out tbroii^^ tlie spout 
iod rub agamat die properly^placed viscid poll6n< 
inaaaeg and the viscid atigma**’ Epipactii t^lfolia 
— a Biidah apeoiea — is exoludvely fortUised by 
wasps. Benoe it has not luire^tiably been sug> 
gested that were wasps to become extinct in any 
district, so would this species of orchid It may 
be added that the species with long nectaries are 
fertilised by moths and butterflies ; those with 
shorter ones, as a rule, by bees and wasps. 

But it is not only bees and moths that love 
honey and can pay for <*the free lunch ” by aiding 
in the perpetuation of the species which supplies it 
Ants and other insects also visit flowers in search 
of it, and were there not contrivances to prevent such 
unUdden guests from having access to the banquet, 
they would soon rob the flower of its main attrac- 
tion for the useful visitors. The flower is bril- 
liantly odoured, highly scented, evidently in order 
to attract thither the welcome guests, while tlieir 
palate is gratifled by the honey which the nectaries 
placed in various parts of it secrete for their re- 
freshment and in payment of their services When 
it is needless to aUure insects, nature has not pro- 
vided any nectar — and true to the iigid economy 
with which she conducts her afiairs, cuts off the 
bright petals, and suppresses the attractive odours. 
“ Nor even,” writes Dr. Ogle, when a bait is 
wanted will she give it one minute sooner than 
necessary. The brilliancy, the scent, and tlie nectar 
are only furnished when tiie flower is ready for its 
guests and requires their presence— just as a 
thrifty housewife lights her candles when the Brnt 


guest is at the door. The immature bud is 
furnished with no such attractions. Btill more, 
even when the flower is umture, when its ]>olIen is 
ready for transference or its stigma for fecunda- 
tion, when all the allurements are consequently 
displayed and insects invited to the feast, she stiU 
shovra her economy. Guests might come who were 
not of sufficient importance, and the banquet be 
wasted on them, for it is only when insects have a* 
certain shape, size, or weight, that she requires 
their visits, and can use them profitably for her 
purposes. She requires, moreover, that they shall 
make their entrance by the main portal, which she 
has specially adapted to suit their other require- 
ments. All insignificant and unremunerative 
visitors, all such, moreover, as would creep in by 
a back entrance, must be kept out.” The treatise 
from which these lines ai-e quoted is devoted to 
show by what various means this exclusion is 
effected,* Into this part of the subject, though 
it does not yield in interest to that which we have 
already discussed, we cannot, for the present at 
least, enter. We have, however, said enotigh 
to stimulate the curiosity of the reader. The 
field is extensive, and though the workers aiw 
many, they have as yet done little more than turn 
the sod. To the earnest student there can be no more 
attractive pastime, or more fertile labour. But if he 
can witness all the wondrous forms, and the not less 
wondrous physiology of the orchids, for example, 
without seeing in plant-life a deeper significance 
than even his oitlinary studies of organography 
would lead him to, he may be very sure that he 
has mistaken his vocation, and had better turn to 
pursuits where scientific curiosity and reverential 
wonder in no way add to the amenity of his daily life. 


A CUTTLEFISH. 


Bt Db. An dbe w 

1 1HE most natural query with which one may 
. begin the study a cuttlefish is the ques- 
tion “What is it ? ” To fairly answer this question 
may be described as the chief intent of the pre- * 
sent fMtper ; but it may be possible to indicate fimt 
generally ^ soological standing of the cutUefishes, 
if only hy way of delineating the main outlines of 
their histoiy, and of thus once for all settling 
their status as animals of comparatively high rank. 
^ bi^ examination of any cuttlefidi would, for 


Wilson, F.R.S.E, 

instance, show that the skin, or covering of its 
body, is most nearly represented by that layer or 
membrane which, on opening a mussel or oyster, we 
find lining the shell, or which is seen occupying a 
similar position in a whelk, snail, or other “ shell 
fish,” Moreover, we find that cuttlefishes ma}' 

* Keiuer : “Flowen and their Unbidden Qneats ** [Ogle] 
( 1878 ); Darwin: *<FertiUMfion of Oroblda** ( 1868 ); MSller: 
** Blumen u. blnmen beiuobende lAiekten ** (1^0) ; and “Dio 
Befruohtung de Blumen durcb Insekten ** (WS), 
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with all jostioe partiaipate in the latto* name^ hi- 
aamueh aa they poaseas sheila — ^not always Te- 
oogaisable aa sheila ** of ordinaary type, it ia true, 
but which are nevertheless strictly of the nature of 
these atruoturea. The shells are farther formed in 
cuttlefishes, as in other moUuaoa, by the membrane 
lining the shell, and which ia named the mantle.” 
Now, here are two characters which entitle cuttle* 
fishes to be regarded as belonging to the * shell- 
iiah” group of animals. And were the general 
anatomy of cuttlefishes to be further disouased, 
other points of likeness to the ordinary shell- 
fish ” — points of resemblance often concealed 
beneath special and peculiar modifications of 
structure— would be rea^y foimd. 

We may thus take for granted, at the com- 
menoement of our study, that cuttlefishes are 
simply peculiar shell-fish.” To use the soolo- 
gist’s method of placing this fact before his 
readers, we might say that cuttlefishes belong to 
the type i/btfusca— a declaration which means 
much the same thing as saying that they are 
far-off cousins of the oysters, whelks, mussels, 
and other and less familiar animala Notwith- 
standing this, it may seem at first sight diffi- 
cult to reconcile the exact idea of ordinary shell- 
fish structure with that of the cuttl^bes ; but in 
a simple fashion, nevertheless, their oorrespondenoe 
may be tiuced. The figure and form of a snail 
(or whelk) crawling along upon the great broad 
muscular disc named the foot” (Fig. 1, b, f), are 
familiar to all The head of the snail is distinctly 
perceptible *, its body {b) (as distinguished from the 
head) admits of easy recognition; and the upper 
and lower surfaces of the mollusc’s body are plainly 
discernible. There is, therefore, no specud diffi- 
culty of any kind in understanding general 
form and disposition of a snail’s anatomy. Now if 
we trace the development and growth of snail or 
whelk, or any other member of the whelk’s class (d^os- 
teropoda)f we shall find that this ** foot ” is a most 
important structure in producing the characteristic 
conformation of the body of these animals. It 
begins as a small process placed below the mouth 
and head. Then, as growth advances, it develops 
itself behind the head and mouth, growing away 
from the mouth, so to speak, until it becomes the 
broad walking surface of the mollusc. Thus the 
broad under-surface of the snail’s body, as well as 
its elongated shape, are the results of the growth 
of its ** foot” Now, cuttlefish existence begins much 
in the same fashion as does snail or whelk life. If 
we suppose that the ** foot ” in a cuttlefish remains 


in its ordinal and e^y fK^siito 
(Fig. I, 0, r), and that tlmsubseqpientgtoi^ 
to increase its body (6), not in length, aS in the soiil, 
but in height, we shall gain a true idea of the rSasdu 
why a cuttle^, whilst related to the snail, is yet 
unlike that animal The , cuttl^sh, in a w<^ 
grows upwards; the snail-body grows lengthwise. 
The former has a foot which ekt^da badtwards ; the 
latter has a foot which exhibits no sudi extexision, 
though, indeed, it attains a much moie characteristic 
form and development than in the whelk-class. 

To understand the form and outward features of 
a cuttlefish, therefore, we must place it in a position 
which will truly represent its relationship with its 
more familiar relations the snails and whelks. The 
animal must be placed, therefore, head downwards 
(Fig. 1, o), with the arms and tentacles which encircle 
its head lowest The reason for qgicE an apparent in- 
version of cuttlefish structure become clear, when we 
find that these arms or tentacles (f) really represent 



the foot ” of the snail, and that, therefore, head- 
downwards ” is the zoological position of the cuttle- 
fish in descriptive anatomy. Too frequently these 
animals are described in books as if their natural 
aspect — namely, head upwaxds— ^corresponded with 
the structural plan of their bodies. A cuttlefish, 
then, we repeat, is simply a snail-like animal, with a 
foot split into separate pieces or arms ; ” the toot 
having grown over the mouth (c), and the body (ft) 
having developed upwards instep of Imigthvrise. 
Modifications of “ foot ” and ** body ” produce all the 
characteristic forms we see in molluscous animals , 
but perhaps the cuttlefishes cany off the palm in 
resjiect of the curious devdiopment which haa 



A OUTTLEFIMi, 


|>roduo 0 d organisms sowoird and curious as are the 
subjects of our present study. 

That study may be continued most satisfactorily 
by the investigation of the head-extremity of the 
cuttledsh in the first instance. Here, the develop* 
ment of this aU4mportant region attains its fullest 
limits in the molluscan type. Bearing a ^mir of 
very large eyes on its sides, and having the mouth 
in the centre of its crown, the head of the cuttlefish 
gives character to the whole frame. Tlie arms or 
tentacles, which we have just noted, correspond to 
the foot of the snail, Biu’ix)und the mouth, and 
vary in number in difierent cuttles. In only one 
cuttlefish — the pearly nautilus — do the arms 
number more than ten ; and it may be well to re* 
mark in passing, that as this latter cuttlefish stands 
alone and peculiar in many respects as the last 
survivor of a long line of ancestors, we may profita- 
bly for the present omit all reference to its struc- 
ture. These remarks, applying to all other outtle- 
fislies, therefore, lead us to note ten arms as the 
greater, and eight as the lesser numlxsi* of these 
l)Osses8ions. Where we find ten of these ap{>en- 
dages, as in the sepias and squids, two are placed 
outside and are larger than the others. In 
that case, also, wliilst the eight arms of uniform 
length fiossess siickera over their inner surfaces, 
the two elongated ones possess suckers at their 
tips only. The suckers, or ** acetabula ” (Fig. 2), iis 
they are named, are desei-ving of close study. Each 
sucker consists of a cup bounded by a horny ring, 
which, as in the squids, may be cut to form a series of 
minute sharp hooks. Indeed, the development of 



Fig. 2.— Suoken of Cuttle Ash. 


hooks appears in some of these beings — the so-called 
** hooked squids” — to supersede the suckers; and 
these latter forms are able to extend and retract the 
hooks of their arms very much as a cat is able to pro- 
trude and sheathe its olawa In the oi-dinary sucker, 
however, we find a perfect apparatus for producing 
an instantaneous vacuum, and for thus utilising the 
pressure of the outside water or air for securing a 
143 


film hold of the prey or other object A muscular 
plug or piston exists within each sucker, the with- 
drawal of this piston producing a vacuum, whilst the 
vacuum can be destroyed and the sucker released by 
the protrusion or descent of the plug. The principle 
involved is, in fact, that which regulates the work- 
ing of the schoolboy’s “ sucker.” And when we 
consider that the cuttlefish possesses several hun- 
dreds of these suckers, and that their adhesion can 



be effectively and instantaneously secured, it can 
readily be imagine<i that the grasp of the cuttle is 
of no ordinary or weakly kind. Any one who lias 
watched the appai*ently light touch with which the 
emb-prey in on aquarium has been quickly seized 
and conveyed to the mouth by the extended arm of 
a cuttlefish, or who has observed the aquatic antics 
of an eledone (Fig. 6) using its arms in every con 
coivable fashion as a means of attachment, will 
have realised the dexterity of manipulation in these 
creatures. 

But the head of the cuttlefish (Fig. 3) offers 
8triictui*es of even greater interest than the arms for 
examination. Such are the mouth and its armature, 
the brain,” “eyes,” and other organs of sense. 
The furnishings of the mouth of tliese animals in- 
clude a set of jiowerful jaws,” and a |)eculiar organ, 
not confined to the cuttlefishes, but represented in 
the snails and whelks likewise, and called the 
“ tongue,” or odontophore (Fig. 4). The jaws of a 
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Fig. 4.- ‘Teeth of Odoutophore of 
Cuttlefish. 


<ruttlefifih must not be confounded or compared with 
the jaws of higher or vertebrate animals, for the 
f »lain reason that they are oigans of widely diderent 
nature. Thus the cuttlefish “jaws'* are simply 
hardened developments of the lining membi'ane of 

the mouth, and not, 
as in higher ani- 
mals, definite pai*ts 
of the head. The 
“jaws” of molluscs, 
in fact,moi'e nearly 
correspond to our 
teeth than to our 
jaws. In the cuttlefishes, these organs are of a horny 
nature, and bear a close resemblance to the beaks 
of jmrrots. They are aniinged in two sets, one in 
front and one liehind, and the shorter or front jaw 
works into the larger, so as to divide and tear 
whatever substances ai*e submitted to their grasp. 
An inspection of these jaws and of the powerful 
muscles by which they are moved, it^adily shows 
how the hard shells of crabs and other crustaceans 
are broken down and masticated by the cuttlefishes. 
In addition to these jaws, we find in the mouth a 
j>eculiar rasping apparatus, called tlic radula. This 
consists of an amingeraent of liorny teeth set in a 
special part of the cavity of the mouth, and moved 
by 8i>ecial muscles, so that the food is thoroughly 
triturated and divided. As the teeth of the mlula 
ere worn away by the friction involved in theii* 
work, they ai'e replaced by fresh tooth-giowths 
from behind, A soft “ organ,” wdiich receives the 
name of “ tongue,*’ is also to be included in the 
list of the furnishings of the cuttlefish-mouth. 

Perhaps the mo.st interesting paL*t of cuttlefish 
anatomy is that which refers to the form and struc- 
ture of the chief nervous mass (Fig. 3, ce) of the 
body. That tliis mass should be found to be situated 
in the head is matter of no surprise. The large size 
of the head of these animals (and in the snails and 
whelks class as well) is possibly as much due to the 
concentration of the nerves in this r^on as to any 
other feature or condition of growth and develop- 
ment But that which most intei*ests us in the 
iiervous centres of the cuttlefishes is the fact that, 
like tlie chief nervous centres of vertebrate animals, 
they are enclosed in a gristly or cartilaginous box 
that forms a kind of protective case or “skull” 
This box, named by zoologists the “cephalic 
cartilage” (Fig. 3, cc), also serves as a ix)int of 
attachment for many important muscles of the 
cuttlefish-frame. It might at first sight be 
thought that the presence of this internal head- 


case would form evidence of lelatioziship between 
the cuttlefishes and the higher or vertebrate 
animals. But we must be careful to avoid 
making any such com|)ari8on« On no theory vvhat* 
ever is there any connection, direct or indirect, 
to be traced between vertebrates and cuttle- 
fishes. The presence of a gristly case for the 
protection of the nerve-centres, or for a support of 
the head and for musculai* attachments, is a fact 
which simply illustrates that principle of naturo 
whereby we frequently find allied structui’es deve- 
lojied in widely difierent animals. It seems most 
reasonable, indeed, to conclude that the “ skull ” of 
the cuttlefisli has been provided to meet laws and 
conditions acting on these animals independently 
of the conditions which afiect any other group of 
beings. As Mr. Darwin has himself i^emarked, 
“It is a common nile throughout nature that the 
same end should be gained, even Sometimes in the 
case of closely I'elated beings, by the most diver- 
sified means ; ” and again, “ As two men have 
sometimes independently hit on the same inven- 
tion, so natuml selection, working for the good 
of each being, and taking advantage of all 
favourable variations, has produced similar organs, 
as far as function is concerned, in distinct organic 
beings, which owe none of their structure in 
common to inheritance from a common progenitor. ” 
In a snail or whelk we find three chief nervous 
masses, connected by nerve-cords, to form the 
nervous system. These throe masses are placed, 
when typically armngeil, as follows;— one in the 
head, one in the foot, and one in the neighbour- 
hood of heaii; and gills. Now', in the cuttlefishes, 
we find that, instead of the nervous centres being 
thus scattered over the body, nature Inis concen- 
trated and localised the nervous system in the 
head, thereby gaining additional nervous power 
without violent dejiarturo from the original typo of 
the molluscan nervous system at large. The same 
principle of concentrating neiwes, and of tliereby 
gaining additional nervous power, is well seen in 
the difference between the nervous systems of 
worms, insects, and spiders — animals constructed 
upon the same (Articulate) tyi)e, just as whelks, 
snails, and cuttlefishes belong to one and the same 
(Mollusc) type or plan. A worm’s neiwous axis 
consists of a double chain of nerves ; in the higher 
insect this double chain has become single by 
fusion of its originally separate ]mrts ; whilst 
in the spider the ohain-like form of the netwoUs 
extern is barely recogni^ble, since, with the 
requirements of more complex instincts, the 
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iietrreKjha^ ha« become moidded and modified 
to form a great central mtuMS, ivhenoe epider* 
life derivee its noted cunning and dexterity. 
It is interesting to observe that in the chief 
nervous mass of a cuttlefish we are able to re- 
cognise those elements of grey and white nervoiis 
matter with which we are familiar m the brain 
and spinal cord of vertebrate animals. This latter 
feature foims another illustration of that principle 
of the independent origin of similar structures 
already illustrated by the presence of the cuttlefish 
skull/’ And the consideration of the nervous 
axis of these animals has therefore taught us the 
important lessons — ^first, that nature produces new 
effects in animal life by the modification of an 
original type, and not by the creation of absolutely 
new parts ; and, secondly, that the development of 
widely different animals may often run, inde- 
pendently, in marvellously similar groov'es. 

With organs of sense, our cuttlefishes are well 
supplied. The wary, active life of these animals, 
as exhibited in an aquarium, is carried on through 
the possession of “ gateways of knowledge ” of very 
perfect kind. Curiously enough, whilst likeness 
between the ‘‘skull” of a cuttlefish and that of a 
vertebrate might be argued for — although erro- 
neously as we have seen — a similar but equally 
mistaken resemblance was actually insisted upon 
as existing between the eye of a cuttlefish and that 
of highei* animals. The description of either eye 
would occupy too great a space, and deal with 
matters of too technical a nature, for the present 
paper. Suffice it to say that the “lens” of the 
cuttlefish eye (Fig. 3, 1) is really a double structui'e, 
like the “Coddington lens” of opticians, and not 
single, as in the back<boned animal’s organ of vision. 
Moreover, the nervous network, or retinaj of the cut- 
tlefish is inverted, if we compare it with the similar 
structure of the eye of the vertebrate creature; and, 
whilst a large ner^'^ous mass actually exists within the 
cuttlefish-eye, such an arrangement is not present in 
the eyes of higher animala That the cuttlefishes 
possess “cars” is a matter coneeming which the 
popular observer, who is accustomed to regard outer 
eai*s as the evidence of the possession of organs of 
hearing, might perchance be doubtful. But the 
slightest reflection would convince us that in many 
higher animals i)erfect hearing powers exist in the 
complete absence of outer ears — fishes, frogs, 
birds, seals, whales, — whilst the most elementary 
knowledge of physiology would convince us that 
that which is the essential part of an ear is placed 
imide an animal’s head, and not exteinaJly. But 


we might go further still, and assert that powers of 
hearing may exist in the absence of any definite 
organs of hearing wliatever. Insects hear ; yet in 
only a very few of these animals have hearing- 
organs been discovered ; and we may in such a 
case fairly assume that in the beginnings of a 
sense, as in the first developments of other things, 
a function may be performed by a general surface 
or oi^gan, and only later in its history become 
represented by a special appamtus. 

The beginnings of ears in the animal world 
probably exist in the jelly-fishes. Around the 
margin of their delicate bells, we find little sacs or 
bags, containing fluid, and having suspended in 
the fluid minute particles of limy matter. Such 
an apparatus is well calculated to receive simple 
sound-waves, and to transmit these vibrations to 
the body. What a jelly-fish “hears” it is im- 
possible to say. The “hearing ear” of higher life 
is really the product of the “ understandiiig brain 
— for hearing and seeing, like most other acts of life, 
are really brain-acts, and not those of the organs 
of sense. It is interesting to observe how the simple 
type of healing organs observed in a jelly-fish is, 
with comparatively little elaboration, preserved 
to us in the ears of molluscs, and in those of the 
cuttlefishes amongst these animala The “auditory 
sacs,” or hearing bags or “ ears,” of the cuttlefishes 
are enclosed in little depressions of the gristly 
“ skull,” each containing a single limy ])article ox 
“ otolith ” (“ ear-stone ”). In many cuttlefishes a 
minute canal is ti'aceable from the ear to the body- 
surface; but whether this is to be regaided as a 
canal placing the internal ear in communication 
with the outer world as in ourselves, or as a 
feature rasulting from ear-developmeiit, and not 
from ear-function, is matter of discussion. The 
first of these alternatives seems, however, by no 
means an unlikely theory. It is needless to 
remark that the cuttlefish “ear” receives a s|)ecial 
nerve — that of hearing — whose fibres end in a 
special “ plate,” adapted to receive, through its 
fine hairs, the vibrations of sound. That the 
cuttlefishes, like the vultures, can “ scent the prey 
from afai’,” is matter of common observation. 
Hence the conclusion tliat they possess organs of 
smell is a most natural inference. The “nostrils,” 
if by courtesy one may so term the olfactory 
regions in these molluscs — exist in the form of 
fine pits — usually placed behind the eyes — or of 
little projections or jyajnlla:. These receive the 
ends of nerves which trom their structure and 
ralationship are known to exercise the sense of 
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smell, llie sense of taste is exercised by the 

tongue,” and probably by the soft parts of the 
mouth likewise; and the teutades or arms” ai*e 
efl&cient organs of touch, whilst, indeed, the whole 
body-surface is endowed with a high sensibility. 

Such sensitiveness is manifested in the cuttle- 
fishes in a highly interesting fsAliion. No feature 
of their existence has called for more B|)ecial 
mark, perha})s, than the extraordinary play of colour 
which their bodies exhibit. If the reader falls in 
with a Squid, or Loligoy which has just been stranded 
on the sand, and touches the body, he will be a 
witness to the grandeur of the “expiring agonies'' 
of the mollusc. Every touch causes angry blushes 
of deep crimson, shading off to a light purple hue, 
to shoot across the body, and when unduly irritated 
the play of colours becomes still more intense. Even 
the Octopi of our aquaria, which in their more 
sombre tints can hardly rival the loligos of our coasts, 
exhibit the same curious phenomena of colour- 
changes. And it would thus seem that cuttlefish 
sensibility, like that of the highest animals, is mani- 
fested through phenomena of similar description. 
The mental phenomena of man are often discernible 
through the alterations of colour, as the traits of 
cuttlefish character, in a rude way, are manifested 
through their power of “ blushing,” and that in a 
most vivid manner. The play of colour in a cuttle- 
fish is effected in a manner readily understood. 
Imbedded in the under skin, and clearly visible 
through the thin and transparent outer skin, are a 
laige number of cells, loaded with pigment, and 
named chromatopJums, These cells are provided 
with special muscles, tlirough the action of which 
their form can be instantaneously and greatly 
altered. When contracted and at rest, the cells 
appear merely as dark specks ; but under stimula- 
tion they become greatly elongated and extended ; 
their pigment contents become apparent ; and the 
“ shot ” colours are thus produced. 

The complexities of organisation which have 
already met us in our study of the cuttlefishes 
wan-ant us in exj)ecting that the ordinary systems 
of organs, pro|>er to the bodies of animals at large, 
will be fully represented in these molluscs. Such 
expectation would be fully realised by our dis- 
covery that in the matter of digestive apparatus, 
heaH and blood-vessels, and breathing-organs, a 
cuttlefish is on a ])ar with most true fishes, and 
gi’eatly ahead of many members of that vertebrate 
group. A gullet (Pig. 5,/), stomach (A), and intes- 
tine (i) are always present, and form the main line 
of the digestive system, as in ourselves. In some 
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outtl6s(as in the Octopus) wefihd a bird-like orop>” 
and the stomach itseU may be very muscukr for its 
size. Such features beiqieak a very varied “ commis- 
sariat ” on the part of their possessors, and what is 
known of the rajamity of outidefishes fully justifies 
this latter inference. 

The “glands” of the 
digestive system are 
also well repre- 
sented. There is 
always a large liver 
(Fig. 5, p), affording 
bile for the diges- 
tion of the food, and 
salivary glands (d) 
also exist, and pour 
their secretion into 
the throat A pecu- 
liar sac or bag, the 
“ ink sac ” (m), may 
also be reckoned 
among the belong- 
ings of the digestive 
system of these ani- 
mals. Opening by 
a duct which leads into the “ funnel ” (to be pre- 
sently noted), this “ ink sac ” secretes a dark fluid, 
readily soluble in water. Hence, when hotly pn^ 
sued, the cuttlefish, squirting its ink into the 
surrounding water, escapes from its enemies under 
cover of a literal “ cloak of darkness.” The justice 
of the simile which compares a verbose controver- 
sialist to a species of human cuttlefish, may, after the 
foregoing statement, be perfectly comprehended. 

The cuttlefish possesses a well-developed heart, 
which acts, as does our own, as the central pumping- 
engine of, the circulation, although it differe 
from the heart of man in that it only drives pure 
blood through the body, and does not (as in man) 
send impure blood to the breathing organs for puri- 
fication likewise. The process of blood purifica- 
tion, or “ excretion,” os it is named, is ^lerformed 
in higlier animals by the lungs, skin, and kidneya 
Tlje cuttlefishes possess organs which represent the 
kidneys of other animals ; and as the lungs of man 
are represented in water -living animals by the 
“ gills,” we accoi'dingly find that the cuttlefishes pos- 
sess two gills (r), one on each side of the body. These 
gills are plume-like organs, which, like evaiy othei’ 
gill (or lung), consist essentially of dense networks 
of blood-vessels. In these organs the blood is 
exposed to the action of the oxgyen of the sea wat©** 
taken into the gill-chamber, and gives off the 
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cai'bonic acid gas and other waste praducts of the 
body’s work. 

A cuttlefish, resting in its tank at an aquarium 
is seen to breathe incessantly, with a regular 
movement of body. Careful observation shows us 
that at each inspiration/’ when the body expands, 
water is drawn into the gills through special oi)en- 
ingsor clefts situated in the “nedk” of the animal, 
and just below the head. These apertures can be 
closed by valves ; hence, when the animal expires 
or contracts its body, the openings of entrance are 
closed, and the efiete water (now robbed of its oxygen 
and loaded with waste matters) is forcibly driven 
out by a tube opening at the neck, and named the 
funnel ”(Fig. 5, 1), This funnel opens on the hinder 
face of the body, and when the animal is at rest serves, 
as just remarked, to convey the effete water of respi- 
ration out of the body. When, on the contrary, 
cuttlefish - activity is called into play, these jets 
iVtau serve the purpose of a hydraulic engine. 
Forcibly expelled from the funnel, the moving 
jets of water, striking against the still and inert 
l)ody of water around, drive the animal swiftly 
backwards in the sea. The graceful aqueous flight 
of a cuttlefish is thus readily explained, as the 
result of propulsion by water-power. 

Eeferenoe was made at the commencement of 
this paper to the shell” of cuttlefishes. Only 
Iwp of these animals possess a shell” whidi could 
'be I'ecognised as such by the non-zoological observer; 
these being the pearly nautilus (Fig. 7), with its 
large chambered shell, and the paper nautilus (Fig. 
8), with its light papery apology for that structure. 
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Other cuttlefishes {lossess shells ” in the form of 
homy or limy structures, situated within the 
“ mantle,” or investing skin of their bodies. This 
shell ” varies in the peifection of its structure. In 
the Squids it is a mere homy {)en ; in the Sepias it 
exists as a limy plate ; in the little Spirula it is a 
chambered structure; and in the cxinct £elemnite$ 
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it was also internal, and chambered likewise. One 
intei'esting fact ccmceming the shells” of these 
animals may be mentioned by way of <4os6 to their 
history, in the shape of the remark, that in all 
probability we 
must consider 
horny and limy 
internal “shells" 
of living cuttles 
as rudiments of 
shells once better 
developed in past 
ages of the earth’s 
history, and in 
cuttlefiah races of 
“the long aga” 

The pearly nautilus was mentioned at the be* 
ginning of this i)aper as a cv^tl^fish which, like 
“the last of the Mohicans,” wSs the sole sur> 
vivor of a long and remarkable line of ancestors. 
Now, nautilus - like or four-gilled cuttlefishes^ 
with cham1)ered shells, were unquestionably the 
earliest of the race to appear in earth’s seas. This 
much is positively known from the history of fossils. 
Ages before any of the soft-bodied two-gilled cuttles 
ap])eared, Silurian, Devonian, and Carboniferous 
seas* swarmed with the four-gilled forms of which 
the names are “writ large” in the primers of 
geology. Only when the middle-life period of 
geology —which began with the Triassic Rocks — 
was ushered in, do we find the first traces of the 
existence of two-gilled cuttles in tlie interrial idiells 
of the Belemnites. Henceforward, and JW>m the 
Trias, the two-gilled races seem to have fiouriahed 
along “ the files of time,” whilst the four-gilled and 
shelled forms of cuttlefishes began to dwindle in 
numbers, and slowly to disappear. True, tlie 
Ammonites form a splendid series of shelled forms in 
Trias, Oolite, and Chalk; but at the close of the 
latter period, they vanish altogether from the fossi) 
record, and leave the Nautili to represent in them- 
selves the cuttlefish life of Palaeozoic ceons. Mean- 
while, the two-gilled cuttles flourish and survive. 
Tlie Belemnites, which possessed elaborate internal 
shells, and which ushereil in the two-gilled race, 
disappear with the close of the Chalk Epoch, leaving 
to the succeeding Sepias, Octopi, Loligos, Argo- 
nauts, Ac., the future representation of cuttlefish 
interests in the great world of life. 

Thus the four-gilled cuttlefishes are probably 
the remote ancestors of the two-gilled and existing 

* See Frontiipiooe to Vol. I. tor lection of earth*f omt, 
showing the reUtive (KMitlons of these rooks. 
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tamm. It is noteworthy to observe, last of all, 
that the two-giiled race, not merely in numbers, but 
in bids fail* in our day to rivid the develop- 
ments of the past. Victor Hugo’s devil-fish” 
has, in reality, its true lepresentativM in our oceans 
of to<day. Huge cuttlefishes have been met with 
over and over again within the past ten or fifteen 
years. One siiecimen driven on the Irish coast--* 
H kind of large squid — |> 088 essed an elongated 
tentade which measuied thirty feet in length. 
Piofessor Verrill, of America, has placed on record 
41 large number of instances of the occurrence of 
giant cuttlefishes off the coasts of the United 
States. One of these was stranded on November 


2nci, 1878, near Notre Dame Bay. Its body 
measui^ed twenty feet long, from month to tail, 
and one of the tentacles measui’ed thirty-five feet. 
Thus, to the interest which a complex organisation 
and a singular past history together present, and to 
that which a curious and weird appeamnoe may 
engender, the cuttlefishes unite the intei'est derived 
from a consideration of the huge and monstrous in 
size — a combination of qualities which may more 
than justify the further pui*suit of zoological know- 
ledge, and a more intimate acquaintance with the 
scientific lore of the modem “ Krakens,” and theii* 
humbler fellows, the Squids and Octopi of our own 
seas. 


HOW LIGHTNING IS KINDLED IN THE THUNDERSTOEM. 

By Hoiieut James M.D., F.H.C.S., F.B.A.S., etc. 


n^HE obaei*vations of meteorologists show that 
X the vajK>ur which ascends in an invisible 
state from the ground carries with it, in calm 
and fine weather, into the higher regions of the 
air, a very considerable supply of jx^itive elec- 
tricity. ♦ Each minute vapour-particle that goes 
up l)ears jits own jKjrtion of the load. When, 
however, the invisible vapour has thus mounted 
into veiy high regions of the air, it loses its in- 
visibility, and is condensed into visible mist, as 
has ^Ire^dy been explained in detail.t Numerous 
pai'ticleif'of the aqueous substance are drawn close 
togetlier, and grouped into the form of little vesicles 
or globules. Each one of these is then a reservoir 
or receptacle of electric force, and as more and 
more watery vesicles are condensed more and more 
electricity is collected in the gathering mist ; but 
each of the water-globules is still enveloped by a 
apace of clear air. In a drifting cloud the mist- 
specks can be discerned floating along with trans- 
parent interk^als between. The clear nir which 
lies around the globules of vapouf then acts as an 
insulating investment; it impiisons its own part 
of the acquired electrical force in each separate 
globule. The cloud is thus not charged as a 
whole, like a continuous mass of metal, with its 
electricity spi'ead upon its outer surface. It is 
inter-penetrated everywhere with the foim It 
is composed of a myriad of electrified s{)eoks, each 
iiaving its own paiticular share of the electric 

* “ Soleaoe for All,” Vol. Ill,, p. 833. 
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force, and each actijig as a centre of electrical 
energy on its own account. The elcjctricity which 
at any one instant resides in the outer surface of 
a cloud is, tliei'efore, but a comparatively small 
portion of that which is pmsent in the entire 
vaporous moss. That such is the way in which 
electricity is stored in the clouds has been proved 
by du*ect observation. When a gold-leaf electro- 
meter is placed in the midst of a cloud diiveii 
along by the wind, it is seen that the strips of 
gold-leaf continually diverge and collapse os the 
mass of the cloud passes along. There is an elec- 
trical charge acting in all ])arts, bu^vtlie charge 
varies in intensity from place to place accordingly 
as there is a greater or less condensation of tlio 
particles of vajK)ur in each i^articular spot. But 
the influence externally exerted by the cloud is 
nevertheless capable of being raised to a very 
intense degree, because it is, so to speak, the sum 
total or outcome of the force contained in the 
innumerable internal centres of energy. It is no 
iin<k>mmon thuig for the electrical force emanating 
from a cloud to make itself felt in attractions and 
repulsions many miles away. Clouds i*esting upon 
the remote horizon thus frequently produce [)er- 
ceptible effects at distances fTOm which the clouds 
themselves cannot be seen. An electrical cloud 
hanging a mile above the ground acts inductively 
upon that gi'oimd with considerable power. 

Wlien in summer-time the temperature of tlie 
earth’s surface is very high, the ground moist, the 
air calm, and the sky clear, very copious supplies 
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of vapotir are steamed up from the ground under 
the hot sunshine. Clouds, however, begin at length 
to gather in elevated regions of the air out of the 
abundance of the supply. The free electricity which 
has been carried up with the vapour is at ht*st 
pretty evenly spread tlirough the clouds ; but after 
a time, as the electrical charge becomes moi*e and 
more intense, a powerful repulsive force is in the 
end establislied between the Bfdierules of the mist, 
and a very high degree of tension is at last pro- 
duced at the outer surface of the cloud, where it is 
enveloped by insulating air, until in the end the 
expansive energy there becomes strong enough to 
occasion an outburst from the cloud. The escape 
of the redundant charge then ap^xMirs to an ob- 
server’s eye as a flash of lightning issuing from 
the cloud. Such, in its simplest form, is the way 
in which lightning is kindled in the storm-cloud, 
When a dense and electrically-charged cloud 
floats in tlie air over the ground, if the charge 
consists of the jiositive electricity which is ordi- 
narily supplied to the air, tliat reacts inductively 
on the ground, and calls up in it a very vigorous 
tension of an opposite or negative kind immediately 
boneath. The positive cloud and the negiitive 
oai*th both act each upon each, and as the elec- 
trical states in the earth and the cloud are of an 
opposite kind, it is attraction which ensues; but 
as the solid ground is a fixed mixss, whilst the 
cloud is a floating and movable body, the cloud 
immediately begins to descend towards the earth. 
As it does this, two things occur. First, the 
electrical tension of both the cloud and the earth 
increases as ihe distance between them grows less ; 
and then, as this disbiuctJ grows less, the insu- 
lating chasm exerts less and les.s imprisoning or 
restrictive power. There therefore occurs in the 
end a time when the electrical charge of the cloud 
can no longer be kept in by the air, and a discliarge 
then occurs ; but that discharge is of a double 
character. A portion of the redundant positive 
force which was imprisoned in the cloud leaps to 
the earth, and a i>ortion of the negative foixje 
which was inductively concentrated beneath escapes 
to the cloud. So much of the redundant force of 
both the cloud and ground is neutralised by the 
mingling of the two ; but the cloud is not in con- 
sequence exhausted of its cliarge. When the out- 
burst of its redundant superficial energy occurs, the 
loss which is entailed at its outer j)art is quickly 
repaid by the transference of a fresh supply from 
the inner stores of the aggregated vapour. Tluia 
many discharges of lightning take place as the 


cloud is drawn towards the earth before its aoeu 
muiated store is finally exhausted. When positively^ 
charged thunder-clouds hang over the.megatively- 
chaiged earth, the flashing of the lightning is 
between the earth and the oloud.^ 

But although the douds are thus ordinarily 
cliarged with positive electricity, like that which 
is a natural attribute of the air in fine weather^ 
such is not always the case. The vapour which 
ascends quietly from large spaces of water like 
oceans and seas is the great source of ihe norma) 
positive charge. But it occasionally happens, 
from some local cause of reversal of the ordinary 
state, that negative foi^ce is developed in limited 
s[mces of the moist ground in such excessive abund- 
ance that it quite ovei^comes the natural positive 
charge of the superincumbent air. It is a negative 
charge which is then carried up with the vapour 
into the clouds. But when this occurs them are 
usually jK)8itively charged clouds floating high in 
the air, which have received their electrical store 
fi-om the wide ocean-covered spaces of the earth, 
and the negatively-charged clouds get to be inters 
posed between those high ones and the gi*oun<L 
lu such circumstances the oppositely-charged clouds 
exert u[>on each other an attractive foroci, and get 
nearer together. The lightning then at last flashes 
from cloud to cloud. In all other jHirticulars, how- 
ever, the process is pi-ocisely the same as when the 
discharge is between the clouds and earth, and the 
lightning continues flash after flash, until lx)th 
sets of clouds are exhausted of their antagonistic 
eiieigies. Very complicated conditions indeed are 
in such cases apt to be produced when them is 
great electrical disturbance pm vailing in the air. 
Heavy rain carries down large quantities of 
positive electricity, and in that way materially 
diminishes the negative excitement of the ground. 
It not uncommonly happens that positive electricity 
is indicated by iustinimsats during the fall of heavy 
rain, and that negative electricity appears as the 
rain drifts away. The positively-charged rain- 
clouds seem to be enveloped by a rainless space, 
which is negatively electrified by induction. When 
many isolated showers are falling simultaneously 
at short distances apaH, them am thus numerous 
tracts of positively and negatively electrified space 
scattemrl side by side. During a residence of six 
days upon the summit of the Faulhom Mountain, 
in Switzerland, during which there wem frequent 
falls of snow and sleet, M. Peltier observed that 
when the snow came from white clouds it was in- 
variably jK>sitively electrified, but tliat when sleet 
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fell from diurk clouds it was as constantly negatively 
cliarged, : 

When a tbundereloud is in process of formation 
numerous small cloudlets are seen to be piled 
rapidly together, ind the gathering mass is extended 
toward the horizon until it seems to rest upon the 
earth by a broad flat base. This soon assumes a 
dark thi*eatening aspect, and the lowering darkness 
rises gradually up into the masses above, from 
which, at the same time, long streamers stretch out 
and get interwoven together until tliey ultimately 
cover the entire sky. Isolated cloud-wisps simul- 
taneously appear amongst the streamers, and hurry 
confusedly and fitfully about. These flitting atten- 
dants of the gathering stoim are distinguished by 
some meteorologists by a particular name — ^they 
are called ascitiziy^ and are held to be 8}>ecial 
indications of the electrical character of the dis- 
turbance. The general mass, which is more or less 
homogeneous and level below, is ruggedly broken 
above into lofty projections and deep cavities. 
These storm-clouds move to some extent in the 
geneml cuiTent of the wind, but they ai’e also 
driven confusedly about in all directions by the 
attractions and repulsions of the electrical force. 

Although the prominent features of the forma- 
tion of thunder-clouds can be thus definitely de- 
scribed, the most {lerplexing complications are con- 
tinually wbrked out by the perturbing agency of 
induction. Clouds negatively charged ai'e piled up 
in one place, clouds positively charged are collected 
a little distance away, and other clouds in which 
the electrical disturbance is, in the first instance, 
slight, are soon brought into the most energetically 
perturbed state with concentrations of negative 
energy at one place, and of positive energy at 
another. In this way broad and deep stretches of 
the atmosphere at last get involved in the conflict, 
and become seamed in all directions with the 
readjusting lightninga 

The connection of thunderstonns with ascend- 
ing currents of hot moist air is in some instances 
very clearly marked. The summits of the moun- 
tains above Port Royal, in the island of Jamaica, 
become covered with clouds day after day about 
the hour of noon. These acquire their greatest 
density within an hour afterwards, and rain is then 
poured out of them, with almost unceasing dis- 
charges of lightning until towaids three in the 
afternoon, when the storm is brought to an end, 
the sky clears, and fine weather returns. This 

^ Ascitid, allied or asioolated clouds ; from the Latin 
, to Msooiate. ^ 
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happens every day diuing the rainy season, a period 
extending over five months of the year. One 
hundred and fifty thunderstorms occur usually at 
Kingston within that time. The i>eriodio return 
of these storms, so regulaiiy immediately aftei 
the hottest hours of the day, is quite manifestly 
due to the upcast of the heated and moisture-laden 
air then established along the ascending slopes of 
the mountains. 

A. somewhat similar periodicity in the recurrence 
of thunderstorms is observed along the rising sea^ 
board of South-eastern Africa, and. is esiiecially 
marked in the colony of Natal. The land there 
rises in abrupt slopes from the margin of the Indian 
Ocean, until at a distance of 120 miles from the 
sea it has attained an elevation of 6,000 feet. Up 
this slope a moist wai'in sea wind blows from the 
ocean, almost continuously during the hottest 
season of the year, being obviously a dii’ect upcast 
established by tlie heating of the air over tlie land. 
The day generally begins with a clear sky and 
burning sunshine. But towards noon the sky 
becomes ovei*cast with clouds, which fii*st appear in 
the liigher I'egions of the mountivins, and then 
extend downwards along the lower slopes. About 
a couple of hem’s after noon, rain falls from the 
thickening clouds, and all the conditions of a 
violent thunderstorm ai*e developed. This hapi)ens 
somewhere along the extended stretch of coast 
pretty well every day during the summer season, 
which runs from October to February. The storms 
recur at the same hour day after day, and appear 
over any one particular spot four or five days in suc- 
cession. At Pietermaritzburg, the capital of Natal, 
which stands fifty miles in from the sea, and at an 
elevation of a little more than 2,000 feet, there 
are habitually from fifty to sixty afternoon thunder- 
storms during these hot months. A dense mist 
continues to envelop the sky after the heaviest 
rainfall until far on into the night, and then sud- 
denly the cloud-curtain is drawn aside, and the 
sky scintillates all over with staiia that are too 
faint to be seen by the unaided eye under less 
favoumble cii*cumstances. At times, in the small 
hours of the ixight, the entire Canopy of the heavens 
looks as if it were converted into one continuous 
Milky Way by the scattered star-dust, excepting in 
the coal-black ’’ blank spaces neighbouring the 
Southern Pole. Even the thunderstorms of England 
cam frequently be traced to a powerful u^M^ast 
of hot moist oil*, produced by the long continuance 
of a clear sky and hot sunshine, and they ai’e then 
apt to recur at the same hour of the day until the 
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atmospheric conditions ai^ changed. But tliunder* 
storms are quite as fi'equently produced in England 
by the less i*egular influence marked by the conflict 
of op|K>sing winds. The sudden and copious depo- 
sition of vapour, and the formation of electrically- 
charged clouds, are then due to the mingling of 
large volumes of hot moist air with a chill current 
drifting in from drier and colder paits of the earth. 
Tliunderstorms occasionally occur in very elevated 
regions of the air. Both Humboldt and Be 
Saussure observed thunderstorms in mountainous 
regions which were more than 16,000 feet alx)ve 
the sea. M. Arago has also left it upon record 
that he had noticed storm-clouds at scai-cely inferior 
altitudes over low countries and broadly extended 
plains. The heaviest storms, however, are for the 
most part experienced somewhere between GOO and 
6,000 feet above the gi’ouncl. But in such cases 
vast depths of the air are generally involved in 
the electrical disturbance, and ti*a versed by the 
lightning. 

Twenty years befoi’e the expenmeiits of Stephen 
Oray, cracklings of sound and flaslies of light had 
been produced by rubbing aml)er with w'ool by an 
earlier expeiimenter. Dr. Wall, who described his 
proceedings in a jmper communicated to the “ Philo- 
sophical Transactions” in 1708, and in doing so 
used the memorable expression that it seemed to 
him the crackling and light were very much like 
thunder and lightning. Stephen (^ray, in speaking 
of the electrical spark in 1729, still more forcibly 
dwelt u|)on this resemblance. “Though these 
effects,” lie remarks in a remarkable memoir, ♦ 
“are at present only minute, it is probable that in 
time there may be found out a way to collect a 
greater quantity of the electne fire, and con- 
sequently to increase the force of that power, 
wliich, by several of the experiments, if we are 
pennitted to compare gi’cat things with small, 
seems to be of the same nature as thunder and 
lightning.” It will at once occur to the readei'S 
of these lines how marvellously this prophecy of 
the sagacious old pensioner of the Charter House 
has been fulfilled in those later days, when, by the 
instnimentality of steam-driven magnets, a suffi- 
cient “quantity of the electric fire” is collected 
for the constniction of miniature suns, comjietent 
to tmnsform niglit into artificial day in the broad 
thoi*oughfares of our 'towns. It should also be 
romeml)ered that it was not until forty-four yeai’s 
after Dr. Wallis experiments, and twenty-nine 
years after Stephen Oray^s description of his 
^ “Philosophical Transactions,” Vol. XXXIX. 


sj^)ark, namely in 17i>3, that Dr, Franklin finally 
established the soundness of these early philoso- 
phical foi*ecasts by actually diwing electrical 
sparks out of the thundeiM3l6ud through the moist 
string of his kite, and by showing that these were 
in all resiKJcts identical with the sparks which were 
prociu’ed from electrical apimratns by aitificial 
pinoesses. 

The flash which appears when an electrical 
discharge passes through an inter t-ul of air is 
really exactly what it seems to be, and what it 
is familiarly called — a spark. It is incandescent 
matter. It is imrtly the air itself made to shine 
by the heat which is develojjed in the partioleg 
along the track of the transmission, and it is partly , 
minute iK)rtions of the discharging body wliich have 
been tom off* where the discharge occurs, and 
which are carried across the air-gap as a sti*eam of 
impalpable and vapour-like substance. This, how- 
ever, will be most easily understood by refeiTing to 
what happens in the case whem an arc of luminous 
flame is formed for the purpose of electrical 
illumination. 

Two |>encil-like points of charcoal are first 
made to touch each other by their tips, and a 
powerful stream of electrical force, generated by 
revolving magnets, is tlien turned on, so that it 
flows through them when they are thus restmg in 
contact. The tijis of the points are almost 
instantaneously miule red-hot by the disturbance 
])roduced by the electidcal cument as it tiuverses 
the charcoal molecules. B\it if the red-hot tijis are 
then gently dinwn asunder for a little way a 
brilliant arch of flame presents itself in the gap 
This is the apj)earanco which is temied the voltaic 
arc, l)ecau8e it was in the fii’st instance produced 
by the employment of the battery which the 
Italian Professor Volta contrived. The bright 
arch in this cose is substantially comiwsed of the 
vajwur of cliarcoal, which is projected across from 
])oint to jK)jnt, and which is kept at a shining 
white heat by the cument of electricity that 
traverses the vajiorised particles. Tlie electricity 
firat forms a vapour-bridge between the separated 
jmiiits, and then uses the bridge for its own 
jmssage across the gulf, but raises it to a I’ed, or 
even w'hite, heat by the impression "which it makes 
upon the molecules as it traverses them. Particles 
of the intensely-heated charcoal are shot off as 
streams of luminous vapour from both points, but 
they issue in greater abundance from one ixiiiit 
than they do from the other : from that, namely, 
which is im})ressed with the jiositive enei^, on 



HOW LIGHTNING. IS KINDLED IN THE THUNDERSTORM. 


S7» 


ot its being more strongly heated by the 
discharge. The negative point acquires a dull 
red heat for a short distance away from the 
luminous arc, but the positive }K>iut is raised to a 
brilliant white heat much fartlier away. The 
positive point is soon hollowed out into a 
cup, on account of the rapid removal of 
its molecules as they are earned across 
the luminous aixj, as is represented at v 
in Fig. 1. 

The negative point, on the other hand, 
is thickened at its liase, and heaj^ed round 
by a vast accumulated pile of the redun- 
dant molecules which have been trans- 
ported across from the hollow cup, os is 
shown at n. This peculiarity is very 
beautifully and clearly seen when an 
enlarged image of the shining points is 
thrown upon a white screen by the in- 
strumentality of an image-forming Ions 
of glass like that which is used with the 
magic lantern. The luminous arc which 
intervenes between the shining points has 
the appearance of an oval flickering flame, 
through which, when it is closely watched, 
trains of sparkling particles may bo seen 
now and again to be shot across. The 
positive point is consumed very much 
rapidly than the negative one on account 
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of the greater abundance of the particles that 
are carried away. In the case of the luminous 
arc, it appears to the eye as if there were 
a continuous and altogether unbroken electiical 
discharge sustained between the shining jioints. 
But this, in actual reality, is not the case. The 
flame is really composed of a senes of discharges 
which follow each other in s\ich rapid succession 
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that- the eye is not able to discern the inteiwals be- 
tween. The apparent continuity and jHU’sisteiit 
maintenance of the flame is an illusion due to the 
circumstance that the visual impression of each 
consecutive dischai’ge remains until the following 
one is stamped upon the eye. Wlien a 8j>ark of elec- 
tricity is drawn from an electrical machine so ar- 
ranged as to make the discharge as long and brilliant 
as j^ssible, the light moihs out a track like that 


which is represented in the accompanying diagram 

(Pi«- 2). 

It runs along in a zigzag course, with short diver- 
gent branches thrown off from the external angles 
of the zigzag by the way. This luminous line 
is in imlity a “ crack ” produced in the resisting 
substance of the air when the pent-up force breaks 
through the resistance. It is os much a ermk os 
the one which is made in the glass when an over- 
intense charge bimks through the side of a 
Leyden jar. The only difference in the two cases 
is that the crack i^mains in the glass, but is 
immediately effaced in the fluid and movable 
substance of the air. That the light which is seen 
when such a spark jmsses through tlie air is simply 
the incandescent matter tliat is distributed along 
the track, is substantially proved when it is ex- 
amined by the spectroscoi>e as it j^asses. In such 
circumstances the spectral imago which belongs to 
the particular matt^jr that is brought to the shining 
state immediately ai>i)eai’s. The vapours of oop|>er 
and zinc which are carried across in an electrical 
spark ])assing between two brass balls * ai*e as cer- 
tainly detected in it by the spectroscope os the 
vapour of carbon is in the voltaic arc that is 
formed between pencils of clmrcoal. 

But what is true in this cose of the ordiimry 
electrical spark is true also of lightning. The 
lightning, ind(jed, is merely a gigantic electric 
spark stretched out in the air for miles, instead of 
being limited to inches. Forked lightning quite 
strikingly resembles the spark represented in Fig. 
2. M. Fusinieri, who gave a large amount of at- 
tention to this subject, was able to show that the 
vapour of iron, sulphur, and charcoal can at all 
times be detected in lightning, and also to jirove 
that there is always an ample store of such sub- 
stances floating in the air, and ready 
at hand to furnish a pabulum for 
its electrical fires. The lightning 
utilises the fuel of this kind which 
it finds in its path, but it also ac- 
complishes some very marvellous 
fieaks to acquire a yet fui'thersupjfiy. 
There are well-known instances in which particles 
of gold have actually l>een transported through thick 
plates of silver by lightning. Picture frames are very 
commonly stripiwsd of their gilding, and gold orna- 
ments have been removed from the arms of living 
licraons with the infliction of no more serious mis- 
chief than an uupleasjint shock. It is only, how- 

• The >)ra88, it wUl bo *’omembcrecI, is itself a mixture cf 
copper and zinc. 
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ever, it must be understood, when metallio sub* 
M^oe is in a comparatively small mass, or when 
it constitutes the termination of a considerable 
conducting ti*ack/ that disintegration and absorp* 
tion of this kind take place. The discharge 
passes through a sufficiently large and continuous 
metallic mass without producing any dissiim- 
tion or disintegration of its substance until it 
reaches the point where it bimsts out fi'om it as 
a spark. 

Lightning not unfrequently melts metal con< 
duotors that are too lai^ to be altogether disin- 
tegrated by the discharge, but not large enough to 
afford unimpeded transmission. This effect was 
known in veiy early times. Aristotle^ in his book 
on “Meteorology,” which -was written tliree cen- 
turies and a half before the Christian era, alludes 
in it to copi>er plates having been melted off wooden 
shields by lightning. The old Boman autliors, 
Seneca and Pliny, speak of gold, silver, and cop|ier 
coins in a bag having been melted together without 
a wax seal upon the bag having been softened. A 
few years ago a German settler’s house, standing 
U]x>n the high road between the port and tlie 
capital of the colony of Natal, was struck by 
lightning,, set fire to, and burned to the ground. 
In one part of the min a small tin box containing 
money was afterwards sought for ; but the only 
remnant of this that could be found was a fragment 
of a half-sovereign in gold inseimi’ably welded to a 
little piece of tinned sheet iron. The entire frag- 
ment weighed seventy-five grains, about thiriy 
grains being gold and the rest iron. More tlian 
Imlf of the gold coin had disappeare<l, and the 
remaining portion was eaten out into an in'egular 


crescentic form, with one blunt horn projeoUng 
beyond the iron. The rest of the gold pieoe, com- 
prising about one-third of a square inch of superficial 
area, was motallically connected with the iron by 
an actual brazing together of the particles of the 
iron and gold, and the tinned surffice of the iron 
beyond the attachment was bronzed by a thin film 
of gold particles that must have been scattered over 
it at the instant of the brazing. The fragment of 
the iron plate is an inch long, . and thi’ee-fifths of 
an inch broad. A marginal band of lighter 
coloured gold, that looks as if it were alloyed so 
far either with tin or iron, is set round the sinuous 
edge of the notch eroded into the half-soverngn, 
and there is a central “ pivot-head ” like spot in the 
middle of the weld which is characterised by a 
similar amalgam-like-liue.* , M. Arago describes 
in one of Ids “ Meteorological ‘ Essays,” another 
more notable case, in which an iron chain used for 
dmwing up corn into a windmill, in Lancashire, 
was struck whilst a weight was lianging from it, 
and in which the chain was found afterwards to 
have l)eon converted into a solid bar by the fusing 
together of its links. Keys have in some well- 
authenticated instances been found firaily welded 
to the nails upon which they were hung, after a 
stroke of lightning. All these cases aptly illus- 
trate and confirm the assumption that the trans- 
mission of powerful discharges of electricity through 
conductors is intimately connected with violent 
disturbance of their molecules. 

♦ This ciuious specimen of metallio welding by lightning 
was exliibited by the auilior in the Loon OoUeotion of Bcientibc 
Instninients at Booth Kensington, and is still contained in the 
residual portion of that collection. 
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Encke's Comet, ‘288, ‘289. 

Eozoiin Canadense t Canadian Dawn 
Animal) in the Laurentian Hooks of 
Canoila, 260. 

Ether Waves, 206. 

Etna, Mount: Basaltic Lava Streams, 
75. 

Expansion of Metals and Water, 263. *264. 

“Eve and its Use. Thu.” by William 
Ackroyd, 119; Anatomy of the 


Eye, ib . ; Cornea, Tris, Pupil, Retina. 
Sclerotic Coat, Aqueous Humour, 
Crystalline Lens. ib. ; Vitreous 
Humour, 111, 113; Tears. Expanded 
and Contracted Pupil, Pin-head Ex- 
periment, 111; Spherical Aberration 
jjQnses, 113: Chromatic Aberration, 
Light and Darkness, an Arctic Night, 

114, 115 ; Bleaching Action of Light, 
116 ; Visual Purple of the Retina, *5. ; 
Influence of Light on the Electrical 
Condition and Structure of the Kotina. 

115, HO. 119 ; PurkinJe'B Fi|nu*es, HG. 
117 : Blind Spot, 117, 118 ; K&ne's Ex- 
periments, 118 : Optograms, or Retinal 
Photographs, ib. 

Eye Philosophy of a Glance). 

Eye, Artittclal (Siemens’), 68. 


“ Fall of a Stone,” by William Durham, 
228; Relation of Gravity and the 
Revolution of the Earth ; Laws of 
the Stone’s Motion : Inertness of Mat- 
ter, 229; Movement of Stohe thrown 
at an Angle : Centriftigal Force, 230 ; 
Effect of Distance on Attraction; 
Recoil, 231 : Motion of the Moon 
r<nind the Earth, 232; “Meclianical 
Equivalent of Heat,’’ Motion of 
Comets, 233; Decay and Death of 
the Universe, 234. 

Faraday’s Experiments illustrating Ca- 
pillary Attraction, 03. 

Fertilisation of Plants (^c Flowers and 
Insects). 

Fishes’ Scale-s, LI, 44. 

Fish ToriXHlo, 165. 

“Flowering,” by Dr. Robert Brown, 
25; an Kxliaustivo Prooess, 26; Mode 
of I’roinotlng it, ib, ; “ Annuals,” 
“ Biennials, Perennials.” ib.; Bengal 
liosoB, Bamboo. Ijarkspur, ib.; Ameri- 
can Aloe, Taliiiot Palm, C’uckoo 
Plant, Victoria Regia, 27 ; “ Rest 
after Flowering,” to. ; Periods of 
Flowering, ib. ; Effects of Heat and 
Moisture, 28: ‘’Forcing,’’ ib.; Arctic 
Plants, ib. ; Fertilisation of the Thorn 
Apple, ^.‘29,36: of Flowered Cai’tos, 
Wheat Plant, Fir, Iflue, 29, 30 ; Mea- 
dow Scroll, 30 ; Heath Tribe, Winter 
Cherry, 31. 

“Flowers and Insects,” by Dr. Robert 
Brown, 360; Fertilisation and Croas- 
fortilisatiun, the Bee, ib. ; J'^crtilisa- 
tlon of the Blue Bell, Berbt'ris, and 
Clematis, %2, 3(13: Sweet Pea, Clover, 
Yuccas or “Adam’s Needles,” 303; 
(.’owsllps, Violets, 3W, ,365. 

Forlms, Pi-of. Edward : his Adventures 
with a Starfish, .301. 

Fog : Ground Fog. or Stratus-cloud, 38. 

Franklin ; Firing Gunpowder by Elec- 
tricity. 102 ; “Negative ” and “ Posi- 
tive ''^Electrieity.TO. .334. 

Frogs : “ A Frog,’ by Dr. Andrew Wil- 
son, 115; Characters of the Frog, Its 
Limbs, ib., 146; its Skeleton, 146, 1.50; 
Tympanum, 146; Metamorphoses, 147; 
the Tadpole, Perfect Frog, ib„ 148; 
Tail and Gills, 148; Lcpidoslrens, 
Amphibians, Proteus, Siren laeer- 
tina. Axolotl, 149; Bkin of the Frog, 
Anatomy, 150, 131; Digestion, Circula- 
tion, 1,52 ; Nerves, Brain, ib. 

Fungus of the Potato Murrain (Micro- 
8(opic Hection), 215, 218; Booond 
Fungus, 218. 


Galena, or Iwcad-ore, 121. 

Galileo : Phases of Mars, 88. 

Ganoid Fishes of the Did Atlantis, 50. 

(3ases, Elasticity of, .311, 312 

Gasteropud, compared with the Cuttle- 
fish, .m 

Geology : “ Burnt - out Volcanoes “ in 
Auvergne, 9; the I.*uy do DOme, 10, 
11 ; Puy Pariou, ih. ; Puy de las 
Bolas and Puy de la Vacne. 10, H; 
Lava Htreams, 12; Antediluvian: 
‘’An Old Continent in the Atlantic 
Ocean," 44, 45; Hocks and Coal 
Measures of North Apierica, 46 ; “A 
I’ieoe of Wlilnstone.’^by Prof. T. G, 
Bouney, 72; “A Lead Mine,” by 
Professor G. A. Lebour, 1^. 


Coral Ifilando; the Old AtlaiiUB,44; 
Soenery of the Shore, Some Very OM 
Rooks, Table-landsand How they were 
Formed.) 

Glaoiers: Glacier of the KhOne, 182; 
tlieir Aotton in the Formation of 
Puddingstone, 343, 

Glass: Cracked Windows, 263. 

Olobigeriua Oo«), 78. 79, 80, 82, 162, 163, 
165, 107. 

Gneiss ; its Histoirand Composition, dOL 

Gravitation; its Force in Forming the 
Soap-bubble, ^ ; “ Weighing the 

^ Earth,” 316. {See Fall of aBtone.) 

Gray, Dr. Asa ; Growth and Flowering 
of Plants, 27, 30, M. 

Gray, Stephen : his Discoveries in Elec- 
tricity, 334, 378. 

Qr^ham seiocca. a Red Soa-weed, 

Gulf -stream, Colour of the Sea, 20. 

Gulf-weed, Colour of the Sea, ib. 

Gun Cotton, Torpedoes charged with, 
100, 104. 106. 

Gunpowder, 312. 


Haeckel, Profewor ; Starfish, 304. 

Hailstones: “How Hailstones arc 
Forged in the Clouds,” 292. 

“ Hairs and Scales,” by John H. Martin, 
40 ; Hair FoUicies, Skin of Animals, 
ib. ; Reto nmcosum, Structure of 
Hair, 41, 42; Coloar, Hair, and Bkin of 
the Negro* 42 ; Hair affected by Skin 
Disease, 43; Fibre of Wool, 42, 43; 
Hair or Monkey and Bat, of Rumi- 
nants. 43; Beales of Butterflies. 42; 
Beales of Fishes, Ganoids, Placold 
Fish, Ctenoid Order, Cycloid Order, 
43. 44. 


Halley’s Comet, 288. 

Heat: “Getting Warm,” by William 
Ackroyd, 263: ICxfiaiision of Glass, 
t'raoked Windows, 263. 

Heat and Light, ComnarlHon of. 266. 

Heat: (conduction of Heat, 269. 

Heat : Spiiiciflc Heats, 270. 

Heat, Radiation of, in the Production of 
Dow, 141, 143, 144. 

Heat, Subterranean, 201. 

Heat, Moehanical Eimi valent of, 23:i 

Heat : Elasticity of Bodies increased by, 
312. 

Hering, Carl ; The Electric l^ight, 61 ; 
The Electric Telegraph, 277. 

Herschel, Sir John : bn Comets, 291. 

Herz Torpedo, 103. 

Howard, Luke : Claasifleution of Clouds, 
U, ;17, 38. 39. 

Huygens : i*erlod of Rotation of Mars, 87. 

Hj’Iierbolic Comets, 286, 


Toe, Liquid Flowers in, 267. 

Ice-dust in (.’irro-stratus Cloud. 36, 37. 

Ice and Snow (Ncc Snow and Snow 
Crystals', 

India-rubber : Elasticity of, 810, 311 ; 

Effect of Heat on. 312. 

Induction Electrometer {See Electricity). 
Insects and Flowers {See Flowers and 
Insects). 

Insects, Gustatory Organs of, 110. 
Inverse Squares, liaw of, 268. 


“Jupiter, The Planet,” by W. F. 
Denning. 109; Jupiter as a Tele- 
scopic Object, 170 ; his Belts, ib. ; 
Atmosplierc, Clouds. Spots, 171 ; 
Belts and Spot s in 1809 and 1^, 172 ; 
Red and white St^ts, Relative Size 
of Jupiter and the’ Earth, 173 ; of the 
Sun 08 seen from both. 174 ; Size and 
Motion of Batollites, their Discovery 
by Galileo, ib. ; their Magnitudes and 
Periods. 175; Eclipses, Occultations, 
and Transits, ib. ; Markings, Dis- 
appearance and He-appearanoe. 170; 
Longitude determined by their 
Eclipses, 177. 

Jupiter’s Satellites : their Shadows, 346. 


Kaleidophone of Sir Charles Wheatstone, 
for rendering sound visible, 92 ; Unev 
described by It, 93, 94. 
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df tlie Old AtUmtli. W. 

lincL A,’’ by Professor 0. A« 


A&ton Moor. 121; 
I. ; Rich and Poojr Veinet 


- ^ Ore. i XVIUJII Mm f'UUf V VAIlOf 

ih./ “Fault"* aiid “Reversed Fault*' 
VeW tSl. 1L23 i Vein with ** Flats ** In 
limestone^ 12S ; Section of ** Pocket,** 
124, 

Lepidodendron of the Old Atlantis Re- 
ared, 42, 60. 

: Solar ParaUax obtained 
by Observations of Mars. 90. 

light: its Action on the Eye. 119 {Set 

^Ihadowfl). 

Light and Heat : Comparison of, 206. 
htid^: How it is Kindled in the 
_ imnderstorro,** by Dr. Robert James 
Mann, 375: Clouds and Rain, 370. 

Lightning^ H.M.S. : Deep SeaSoimdlngs 
and Temperature, 77. 

Lily Encrinites, 805. 

limestones, 45. 

liinnmus : on Algss. 320. 

Lisssjotts’ Apparatus: Showing Vibra- 
tion of Tuning Forks by luminous 
figures, 95, 97, w. 

** Living Uel^, How we Classify Them,” 
971. 

Long and Short Sightednoss, 190. 


Madrepores. 2, 3, 8. 

Magnetism in Torpedo Warfare, 108. 

Mammoth Caves of Kentucky; Blind 
Fishes and Insects, 11.5. 

Marine Life around the Old Atlantis; 
Ideal View. 48. 

-‘ Mars. The tlanot,” by W. F. Den- 
ning, 83; its Markings, 84; Colour 
and Lustre, f6.. 86: Its South Pole, 
85: Kaiser Sea, Delainbre Sea, Kno* 
bel Sea. De la Rue Ocean, Dawes 
Ocean, Mddler Continent. t&.; Mitohel 
Mountains; Snow R^ons, 8.5. 86; 
Canals, Atmosphere, Olouds, Spots, 
Period of Rotation, 86; Size. Satellites, 
87, 175 ; Orbit compared with that of 
the Earth, 88; Phases. 88; Distance 
from the Sun, ib. ; its Analogy to the 
Itorth, 88 ; its probable Livinglnhabi- 
tants, 89 ; Apimranoe of the Karth to 
Mars. fO./ Earliest Observations of 
the Planet ib.; Oocultation of Jupiter, 
ib.; Solar Parallax obtained by Obser- 
vations of Mars. 00. 

Measures : the French Millimetre, 260. 

Mediterranean : Deep Sea Life, 161-'166. 

Mer-do-(41ace. 181. 

Metals, Elasticity of, 310. 

Metals, Expansion of. 263. 

Meteoroloj^ (Spc Clouds, Dew and 
Hoar Frost, Snow and Snow Cry- 
stals). 

Mica, or Hornblende. Formation of, 201 ; 
its Conversion into Chlorites, 202. 

Miocene Flora, 45. 

Mirage, 347. 

Mist: its Effect on Shadow, 347; the 
Spectre of the Brocken, 349. 

Mont Blanc : Temperature of the Grand 
Plateau, 142, 14o : Snow on, 181. 

Moon, The : Radiation of Heat from it, 
143 ; the Moon as a Telesocmio Ohlect, 
169; Shadows of Lunar Mountains, 
846. 

Moths : their Transformations, 65, 

Moths in the Fertilisation of Flowers, 363. 

Hc^Jon : Top^plnning^ Hoops, J^cyoles, 

Whi . „ 

^^ll^i^eCer,OyrMcqM3alfSt^n 
Enmne Governor, 156, 157 ; Revolution 
of Arrows. “Rlnlng” guns, Turbine 
Motion or Recoil reworks, Motion 
of too Earth and Moon, 168. 

Mud, Formation of Gneias from, 901; 

^'sEtot^Ul Defective 

Mu^: 'singing Flames; a Possible 
Organ of Fire, 98. 

Musical Instrument of Vibrating Rods, 
93. 


Natal Hailstorms in. 293, 293. 
Nautilus, Pearly and Paper, 874. 


Kavioulss (Diatomacess) : their Eflhct on 
too Cdlourof ^ Sea, 22. 

Nerves : Sensory and Motor, 108 ; Glosso- 
pharyngeal Nerve, i5. ; Attbront and 
Efferent, 808. 

Newton : oU the Soap Bubble. 60 1 New- 
ton*s Rings, 64 ; his Theory of Comets, 
288; Laws of Gravitation (See Fall 
of a Stone). 

Nordenskjbid, Prof.: Colour of toe 
Aretic Seas, 21 ; Vegetation in Arctic 
Ice, 267. 


Ocean Currents (See Rivers of the 
Sea). 

(Ersted's Discovery. 279. 

Ortooptera : Cockroaches, 327. 

Optics; “The Philosophy of a Glance,** 
by William Aokroyd. 190 (See Philo- 
sophy of a Glance and Kye), 

Orbuiina : in toe Deep Sea Ooze. 80. 

Orchids Damaged by Cockroaches, 381. 

Orchids : Fertilisation of, 366, 867 ; 
Mimicry of Insects and Animals in 
the Form of their Flowers, 305. 

Organ Coral, 3, 9. 

Organ Pipes, 


Pacific Ocean: its Average Depth, 70; 
IJoep Sea Life, 101— 1(W. 

Palesozoic Rocks. 46, 47. 

Pancreatic Secretions, 307, 

Paper Nautilus. *374. 

Papillm of the Human Tongue, 106. 

Pearly Nautilus, 374. 

Pebbles In Conglomerate, 341, 344. 

Pendulum, Blackburn*8 : for Tracing 
Compound Oscillations, 97. 

Pendulum, too Swing of a, 317. 

“Phliosopny of a Glance,” by William 
Ackroyd, 190 ; Sir David Brewster’s 
Explanation, t'b,/ Eyes in Portraits, 
191; Straight Muscles of the Eye, 
f6. ; the Optic Axis, ib,; Near and 
Distant Objects, 192 ; Focussing of 
the Eye, 193; Illusive Appearance 
of Geometrical Figures, Chromatic 
Aberration In Perception of Distance, 
Perception of Size, 104; S' . * 

of Action of the Eyes, 195; Newton s 
Experiment, Double Sight or Dip- 
lopia. ib,; Blind Spot, Yellow Spot, 
Myopic and Presbyopic, or Long- 
sightwl and Bliort-sighted Eyes, 196 ; 
Irradiation Experiments, Purkinle's 
Figures, 197 ; Brewster's Illusion, 
Wollaston’s Anomalous State of 
Vision, IW ; Effect of a Raindrop in 
the Eye, 199; Light Rings on the 
Retina, fb. 

Phosphorescence of the Sea, 25. 

Planets, Solar Heat on the Surfaces of, 
269. 

Pleiades, The : Observations by the 
Naked Eye. 13. 

Plum-pudding Stone, 45. 

Polypes (See ('orals and their Polypes). 

“Potato, A Diseased,” by Worthington 
G. Smith, 213; History and Descrip- 
tion of the Disease, to., 214 ; Magni- 
tude of Annual Losses, Fungus of 
the Murrain, and its Germs (Micro- 
scopic .Sections), 1*6,. 215 ; Discoveries 
of Dr. Montague, Rev. J. M. Berkeley, 
and Worthington Smith, 215, 217, 218 ; 
Second Potato Fungus, 218. 

Priestley; Firing Gunpowder by Elec- 
tricity, 102. 

Protoplasm of Globigcrino, 80 ; of Algie, 
320, 824. 

Ptyalin in Saliva, 306. 

Puddingstone, 45, 78 ; “A Piece of Pud- 
dlngstone, by Charles Lapworth, 
841 ; Pebble-beaches, 345 ; Concr< ' 
Houses, ib. 

Pulvinulina In toe Degp Sea Goze. 80, 

Purkinjo’s Figures ; Iiow to Sec Them, 
117,197. 

Quartz, Natural and Artificial Produc- 
tion of, 201. 

Radtolarians from toe Surface of the 
Sea, 89. 


Rain-clouds : their Relation to Thunder 
and Liirhtnlnir. 376. 

Raln-dro;M. S^ond Velocity of, 40. 

Red Coral, 2, ,3, 9. 

Red Clay of the Sea-bottom, 81, 82. 

**.Red Sea:*' its Colour, Effect of Float- 
ing Algte, 24. 

Reef-building Coiuls, 6» 

Itegelation m Ice, 1^, 

Rhaltdosphere from the Surface of the 
Atlantic, 81. 

“Rivers of the Sea,” by Dr. John 
James Wild, 234; Ships Becalmed 
and Frozen up. 234, 235; the ifeso- 
ItUe and Polarut Drifting, 236; 
Oooau Currents or Rivers. Drift- 
wood on Arctic Shores, Floating Sea- 
weed, Chart of Surface Currents, <6., 
236; Under Currents, Deep-Sea Ther- 
mometer, Warm and Cold Streams, 
Labrador Current, Gulf Stream, 
Ckiuses of Currents, 237; Unequal 
Distribution of Solar Rays, Rotation 
of the Earth, Polar Current towards 
the Tropics, Winds, 238; I'rade and 
Anti-trado Winds, Monsoons, Salt in 
Solution in the Ocean, Evaporation, 
Coast Lines, Counter-currents, 239; 
Climate, 240; Ocean Navigation, 241. 

Rocks : Stradfloation of Rocks, Palieo- 
zoic Hocks, 46 ; Thickness of Cambrian 
and Silurian Rock^ 47. 

Rock Formations of Fifeshire, 344. 

Hocks (.Sicc Some Very Old Rocks). 

Uumford, Count: his Invesligations on 
Heat, 270 ; Shadow Test of Luminosity, 
350. 

Russian Torpedoes in toe Baltic, 100. 

“Saliva,** by K. W. von Tunzclmann, 
306. 

Sand. Sandstones, Sandbanks, 45 ; 78, 341, 
342. 

Sardine, Scale of, 44. 

Satellites of Mars and other Planets, 87, 
176, 174-177. 

Saturn, Satellites of, 175. 

“Scenery of the Shore;” by (toarles 
Lapworth, 124; Nobility of the Sea, 
125; Beach at Brighton, Bcachy Head, 
7 *6., 127 ; Sands and Sea Waves. 
ib.! GaleB, Denudation Caused by 
them, Orkney and Shetland Islands, 
Rod Sandstone (.'litfs, 126; the Old 
Man of Hoy, 127 : Quartz ttock and 
Granite, “ Basset and Chalk. Shake- 
speare's ClKf, Flamborough Head, Isle 
of Wight, 128 ; Estuaries. Straits, Bay 
of the Wash, Groins, Chesll Bank, 
128, 120; Sandbanks, “ Links, 

“Dunes,” 129: Sca-tcrraces or Coast 
Platforms, 130, 131 ; llphenvnl and 
Subsidence of l^nd, 131 ; Lines ot 
Soundings Round the British Isles, 
132 ; Strmt of Dover, 133. 

Sea: “The Bottom of the Sea,” by P. 
Herbert Carpenter, 76; Depth, Un- 
dulations, Soils, Climates, Animals 
and Vegetables, 76, 77. 82; Ocean 
Temperature, 77 ; Shore Iieposits, 78 ; 
“GloblgerlnaOoze ” ib./ Globigcrina, 
Ammba, OrbuliTia,Pulvmulina, Uhab- 
dospheres, 78—81 ; Red (Uay and Grey 
Ooze, Volcanic Ijava, 81 ; Manganese 
Nodules, 82 : Radiolarians, ib., 83. 

Sea. The (See Rivers of the Sea, Colour 
of the Sea). 

Seas on the Planet Mars, 86. 

Sca-Cucumbcr : its Development, 304. 

Boa-Lily, 165. 

“ Boa Baw-dust ” (Floating Algso), 23. 

“ Sea-shorc, Scenery of the,” by (Charles 
Lapworth (Sec Scenery of the Shore). 

Sea-spiders, 168. 

Sea-urchin, 166. 

Sea- weed; “A Red Soa-weed,” by 
Professor E. Perceval Wright, 319 
(iSSi^e Alg£s). 

Shadows: “A Shadow,” by William 
Ackroyd, .346; Light and Dark- 
ness. Shadow Swan, ib. ; Hand Sha- 
dows, ib., 347 ; Shadows of Lunar 
Mountains and of Jupiter’s Satellites, 
346; Mountain Shadow, Shifting Sha- 
dow of Adam’s Peak, Ceylon, .347; 
Effect of Smoke and Mist, ib./ the 
Spectre of the Brocken, 348; UUoa’o 
A 
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Circle, 349 ; Count llumford’s Shadow 
Test of Luminosity, 360; Intensity 
of Shadows Affected by External 
LiffhtB, ib. ,* Shadow of the Planet 
Venus, 357; Planetary Penuinlira, 
ib. 

Shales, or Clays, 45, 78. 

Shark, Vrhite, Scale of,- 44. 

Shell of the Snail, 242 ; of the Cuttlefish, 


Shoot-K^loud, or Stratus, 86. 

Shooting Stars, 288, 289. 

Short and Long Siglitodncss, 196. 

Singing Flomes : Uendering Sound Vi- 
sible, 94, 98. 

Silkwomui, 65, 67. 

Silurian Rooks, 47. 

Silver in Load Ore, 121. 

Slate, 7^ 

Slugs Snails and Slugs). 

“Snails and Slugs," by B. B. Wood- 
ward, 241 : Garden Snail, ib . ; its Foot, 
Shell with Reflected Lip, Mucous 
Glands, “Trail" formed by Mucus, 
242; Skin, “Mantle," Shell and its 
Growth, 243 ; Anatomy, i6„ 244 ; 
Tongue, Number of Teeth, Nervous 
System, “Horns” and Eyes, ib. ; 
Otoliths or Ear-stones, Taste, £2gga. 
Hybernation, 245 ; Malformation, Re- 
production of Injured Parts, Roman 
or Edible Snail, 246, 247 ; Slugs : their 
Anatomy, Worms Eaten by Them, 
247; their Teeth, Black, Ash^rcy, 
Grey, and Yellow Slugs, the Genus 
Helix, Fossil Snails and Slugs, 248; 
Enemies and Parasites, 249. 

Snails Compared with Cuttlefish, 368. 

Snow and Snow (Crystals: “How a 
Snow-flake is Formed," ^ Dr. 
Robert James Mann, 178; Distinc- 
tion between Snow and Dew, 178; 
Varieties of Snow Crystals noticed 
by James Glalsher, ib . ; Simce Occn- 
picd by Crystals as compared with 
Water, 179 ; their White Lustre, ib. ; 
Temperature Necessary for their For- 
mation, SiioW'fiakos Illuminated by 
Sunshine, Snow in South America, 
on Mountain Tops, 180 ; Mont Blanc, 
tlie Pyrenees, Ai^nnines, Etna, Ara- 
rat, the Andes, lllnmlayas, 181 ; the 
Mor-dc-Olocc, Glaciers, Crevasses, 
ib.; Sir William Thomson on Mix- 
tures of Ice and Snow, Regelation, 
Snowballs, 182 ; Glacier of the RbOne, 
1*6. ; Ice Rivers ; the Arve and UhOne, 
Various Swiss Glaciers, “Fom" or 
“N6\A" (Granular Surface Snow), 
183; loe Formed of Star Crj'stals, 
184. 


“ Soap-linbble, A,” by John A. Bower, 
60 ; Mixtures for its Preparation, 
Support-stand for the Bubble, Sub- 
Mtunoe of the Bubble, 61 ; a Bubble 
Floating in Carbonic Acid, its Form, 
its Action as a Thcrmoscope, 62 ; Ex- 
periments, 63 ; its Colours, 64. 

Solar Parallax obtained by Obsorvatioiis 
of Mars, 90. 

Bole, Scale of, 44. 

“Some Very Old Rocks,^ by Charles 
Callaway, 200; the Malvern Hills, 
Worcestershire Beacon, Gneiss, Plans 
of Foliation, Cleavage, lamination. 
History and Composition of Gneiss, ib.; 
Water and Heat in its Formation, 
201 ; Gcologicfil Metamorphosis, 201, 
202; Thickening of Rock Bods. 202; 
Contorted Hoolcs, 203; Examples in 
Isle of Anglesey, ib. ; Sections of the 
Malvom Chain, of Bchiehallion, Geo- 
logical Periods, Pre-Cambrian Rocks. 
204 ; theWrekin Ripple-marks, Original 
and Contorted, 205} Fragment and 
Section of Eozoon Oanadenae (Cana- 
dian Dawn Animal), Laurentian 
Rocks of Canada, 207. 

“Souni Visible,” by Professor F. R. 
Eaton TjOwo (Scr, Visible Sound). 

Bound : its Velocity and Wave Motion, 
313. 


Starch Converted into Sugar by Saliva, 
306. 


“Starfish and its Relatives,** by Pro- 
fessor F. Jefi^y Bell, 299. 

Staiv : Shooting Stars, 288, 289 ; Tempo- 
rary Stars, 289. 

Steam : InvisiUo in the Va^rous State, 

Steam, Elasticity of, 312. 

“ Stone, Fall of a ** {See Fall of a Stone). 

Sturgeon, Scale of, 44. 

Sugar : Starch Converted into Sugar by 
^iva, 307. 

Sum The : its Heating Power In Ancient 
Times, 49. 

“Sun Telegraph, The," by C. Cooper 
King, Captain ILM.A., 133; Visual 
Signalling, Morse's Alphabet, ib. ; 


SimialB, Collapsing Drum and Cone. 
135 ; Shutter Apparatus, 136 ; Helioetat 
or Heliograph, ib.; Mance’s “Field 
Heliograph,^ 136, 137 ; Bogbic*s, 138 ; 
Telegraph at I " ..... 


; Ekowo, ZuliUand, 139. 


“Tabic -lands, and How they wore 
Formed,” by Pi:pf. P. Martin Dun- 
can, 352 : \^ew from the Malvern 
Hills, ib. ; Plain of the Severn, Cots- 
wold Hills, ib.: Uplands of Asia. 
Table Lands and Ghats of India, Ba- 
saltic Plateau of tho Coiron. 353; 
Volcanic Origin of Table-land, Groat 
Table-lands of Mexico and Guate- 
mala, 354 ; Volcanoes, Climate, Itain- 
fall. Vegetation, 855; Ijokcs and 
Geysers, Quito, 356; Magdala, Table 
Bay Mountain, Cai^ of Good Hope, 
Atlas Range of Mountains, 357 : For- 
mation of Table-lands, 358 ; Modes of 
Producing Them, ib. 

Table Mountain, Cape of Good Hope, 
Cloud Covering the Top of It, 85. 

“Taste,” by Professor F, Jolfrey Bell, 
106 ; End Organs, the Tongue, ib. ; 
Taste-bulbs of the Rabbit, 107 ; Gus- 
lat-ory Colls, ib. ; Nerve Branches, 
ib,; Sensory and Motor Nonm 108; 
Olfactory and Auditory Nerves, ib.; 
Fifth Pair of Nerves, ib.; Hitter, Acid, 
Sweet-, Salt, 100; Relations of Smell 
and Taste, ib,; Regions of Taste in 
the Tongue, 109; Hard and Soft 
Palate, io.; Gustatory Organs of In- 
sects and Worms, Fishes, Dogs and 
Uons, 110. 

Telegra||h, The Sun (fi'ce Sun Telc- 

Tefe™op\^c Comets, 284*7, 289. 290. 

Temperature {See Getting Warm). 

Temperature of the Deep Sea, 77. 

Tomj|erature ; Deposition of Dew, 143, 

Tliallophytcs : Thallus-bcaring Plants, 
320. 

Thermometers : Dry and Wet Bulb, 
142. 

Thunder ; “ How Lightning is Kindled 
in tho Thunderstorm,” 37®. 

Tongue, Human: its Upper Surface 
with I’apillfB, Taste, 106; Glosso- 
pharyngeal Nerve, 108: its Regions 
of Taste, 100 ; Hard and Soft Palate, 
ib. 

Top-spinning : “ Why a Top Spins," by 
wfiliam Alford Lloyd, 153; (Jontri- 
fugal and Centripetal Forces, ib. ; 
Motion of a Hoop, 154 : Wlii^plng-top, 
ib. ; Bicycle, 155 ; Sling and Stone, 
156; Pog-top, Whipping Top, Hum- 
ming Top, 157 ; Aerlw-top, Ra<lio- 
meter, Gyroscope, Ball Steam-engine 
Governor, 157 ; Revolution of Arrow’s, 
“Rifling’* Guns, Turbine Motion or 
Recoil, Fireworks, 158 ; Motion of the 
Earth and Moon. ib. 

“Torpedo, The,*' by H. Baden Prit- 
chard, 99; Fulton's Torpedo, ib.; 
Submarine Machines in the Crimean 
War; “Floating Petards," ib. ; Rus- 
sian Torpedo in the Baltic, 100; 
Electrical Torpedoes, 16. ; Gun-cotton 
Charges, American War, 101; Process 


of Submarine Mining. 101 : Abel and 
Beardsloe’s Fuzes, 102; “High Ten- 

nfnn ^ ** T.nur Tnnafrkn ** 


pedoes in the £Vanoo^erman War, 
103; Dynamite, ib.; the Horz Tor- 
pedo, ib, ; Turkish Monitor blown up, 
104 ; Self-acting Electric Torpedo, ib.; 
Counter-mining, 104, 105; Electricity 
and Magnetism, ib. ; Self-steering 
Launches, ib. ; Explosion by Induc- 
tion, i6. ; Whitehead or Fish Torpedo, 
ib. 

Torsion Balance for Weighing the £artl\ 
318, 319* 

Tuning Forks, Lissajous’ Apparatus for, 
08; Kenderiug their Vibrations Vi- 
sible. 95. 97. 

“ Turbine " Water-wheel, 252. 

Tuacarora, U.S. Surveying Ship, Depth 
of the Sea on the Japanese Coast, 
76. 


Tycho Brahe, Temporary Stars, 289. 
Tyndall, Prof. : on the Hoap-cloud or 
Cumulus, 34 ; his Experiments in 
Rendering Sound Visible, 93, 95 ; 
Action of L^bt upon tho Eye, 119 ; 
IMirkinje's Figiii'es, 197 ; his Ex- 
periments in Illustration of Comets, 


Ungulata, or Hoofed Qiiadnipods, 275. 

Uranus, SatelUtos of, 175. 

Vaneaaa Uriicce (Butterfly), Metamor- 
phosis of^^. 68, 69. 

Vesuvius: Effect of Eruptions on the 
Form of the Mountain, 11: Free 
Electricity in A^apours from the 
Crater, 340. 

Vibrating Plates, Chladni’s, 90, 91. 

Violets, Fertilisation of, 364. 

“Visible Sound," by l*rof. F. R. Eaton 
Low'e, 90; Discoveries of Chladnl, 
Dr. Young, Wheatstone, Tyndall, 
Helmholtz, Meldo and Lissajous, f‘6., 
93; Vibration of I'latos, f6., 91; 
Circular Plates, 92; tho Kalcido- 
phono, 92—94 ; Konig’s Flame Mano- 
meter, 94 ; Vibration of Tuning Forks, 
Lissojous’ ApparaiusJlS. 97. 

Vision (<SVc Eye and Philosophy of a 
Glance). 

Volcanoes: “Bumt-out Volcanoes,’* by 
Prof. T. G. Boiiney, 9; Extinct Volca- 
noes in Auvergne, their History, ib. 

Volcanic Influence on tho Foinmtion of 
Table-lands, 356. 359. 

Volcanic l^ava in the Sea Bottom, 81. 

Volta, Alessandro: tho Voltaic Current, 
378. 


“Water-wheel, A,” by W. D. Soott- 
Moncrleff, 249; Powder and Work, 
Saving of 3'ime, Jjabour and Money, 
ib. ; Force-producing Materials, their 
Real and Comparative Value/VVlnd- 
niills and Water-mills. Fuel, Electri- 
city, Aqueducts, 250 ; Clouds and Rain, 
Foiling Water, Water-wheel and Ita 
Improvements, 251; Breast, Under- 
shot, Highbreast, and Overshot 
Wheels, 2al, 252; Inventors of tho 
* ‘ Turbine,” Folrbalni’s V cut Hating 
Bucket, 252, 253; Poncclet's Broast- 
wbocl, Barker Mill, 2f3. 

“Weighing tho Earth,” by W. Ackroyd, 
315. 

Wheatstone, Sir Charles; his Experi- 
ments on Electrical Conduction, 64 ; 
his Kalcidophono for Henderiug 
Sound Visible, 92, 93, 94. 95; Wbeot- 
stone Exploder for Firing Torpedoes, 

Whinstono: “A Piece of Whlnstono," 
by Prof. T. O. Bonney, 72; Its Com- 
position, ib., 73. 

Worms, Gustatory Organs of, 110. 

Zoophytes, Coral {See Corals and their 
Polypes). 
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1.nkc‘. VViih 1 wo Portraits, A'c. 


Life of Nelson. By Robcit .Southey, llliistrnted. 

The Anylomaniacs. By Mrs. Uiirlun Harrison. 

Flower de Hundred. By Mrs. Burton ITarriton. 

The Law of Musical and Dram;., tic Copyriyht. New 

Idtnou. 

Aubrey de Vero's Poems. A Selection. I'dited byjolmriennls. 
Gas* The Art of Oookiny by. By Marie Jenny Suip;. Illustrated. 
London, fiireo kin:c Maps, vix, : houduu as it is, and as it was in 
i 7 .'o, .ind in tho red'll of Flir.d>rth. In ca.se 
Marrtaye Hiny* Tbe. A Gift Book lor tlie Newly Married and 
for diuw I onteiiipl.itliiK' Marriage. By William l..aiuiols. I). I). 
Lectures on Christisinity and Socialism. By the Uicht 
Rev. Allied Bairy, D.l). 

Shakspero* The Leopold. With nliout 400 lllustratiomi. 
< loth. {Also at 5 s. i»/»</ 7 s. Od.) 

The Eye, Ear* and Throat. By H. Power, F.R.C.S. ; G. P. 

Field ; and J. .s, Brislowc, F.K.S. 

Vicar Of Wakefteld* Tho* and other Works by Goldsmith, 
Illustrated. (Alia in dalh, yi.'t rd^es, «;s-) 

Gulliver'S Travels, cheap i hu ion. With ]Ciirltty-cl>cht Hntmv* 
.lisp, by .Murleii. Crown 4 to. ' 1 -ith. {Also in ilcllt, i^ilt edaes, ss.i 
Culmshire Folk. By the Author of *' )olm Orbdi.ir, " iStc. 

Civil Service* Guide to Employment in tho. 

Steam Enyino* Tho Theory and AcUon of the. Fok 

l‘KM Tli Al Ml-N. By W. H. N.-illuott, ( .F.. 

On the EQUatOr. By II. De w. illustrated. 

A Year's Cookery. By Phyllis Browuu. Xewand F-nlarsifd lldtlion . 

Sports and Pastimes* Cassell's Complete Book of. 

I heap J> dilion. With ovcrf/io lllusttalions, Lloth, 

Poultry -Keeper, The Practical. By howl-., Wiii^ht. With 
Numerous Woodi uls. 

Piyeon Keeper* The Practical. By Lewis Wtljfht. 

Rabbit Reeper* The Practical. By Cunlruius. 

Bunyan's PUyrim's Proyress* Cassell's. lllustrutAd. 

Cloth. iAlw noth fr‘li rd.;eK, ^s.) 


AMERICAN LIBRARY OF FIOTIOM. 

(.‘town .tv, I, cloth. 

A Latin-Quarter Courtship, By Henry Harland (Sidnery 

Lu-sk.il. 

Grandlson leather. By Henry Harland (Sidney Luxka). 

“yy." Ily lidtf.ir Henry. 

THE TREASURE ISLAND" SERIES. 

CHKAP /Lf.usr/iAi'Fn uninoNS. 


Treasure Island. By R. r.. .Stevenson. 

The BCskSter of Ballantrae. By R. L. Stovensun. 
"SUdnapped." By R- L. Stevenson. 

The Black Arrow. By R- L. Stevenson. 

The Splendid Spur. By Q, Author of "Dead Man’s Rock,’ A-c. 
Xiny Solomon's Mines. By H. Rider HuKk^trd. 

BOOKS FOR YOUNG PBOPLE. 

Wanted-a Xlmri or. Mow Merle set the Nmery 

Rhymes to Riyhts, Now Fairy Story. By Mairijie Browne. 
With iJenii^us by Harry F'lirnUs. 

Great-drandmamma. By (k:(ir^;ina M. Syn^e. illustrated. 
Robin's RidO. By hllliiur Davenport Ad.ims. 

Little Mother Bunch. By Mrs. Molesworth. llUifitrntcd. 
JBsop's Fables, cheap Udifion, (Until, {Also tn cloth, bevtUed 

board K. jjp^lt edt;e.t, tS. ) 

Rhymes for the Youny Folk. By william AUinKham. liuards. 
Fcyinr Oylivle's Inheritance, illustrated. 

Fairy Tales. By Prof. Morley. lUustraicdl. 

The Chit-Chat Album, niustruted tiiruu^dmut. 

Picture Album of All Sorts, with iMiil-paice llluBtrations. 


My Oum Album of 

Album for Home, School* and Flay. Contuinine nnmonms 

Stories by popular Authors. 

Cassell's Pictorial Scrap Book. In Six Sectional Volumes . 
p.tper boatds, cloth back. Lacli Vol. {.Also in One I id., 15s. or »r‘..) 

Bo-Peep. A Treasury for the LitUe Ones, illustrated 

throuifhout. Cloth ffilt. Yctirly Vuluiiiu. (5« a/jt> aa. Od.) 


Cass til Company ^ Limited^ Ludgaie HUl^ London; Paris and Melbourne. 
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OrUMMb OmimU'Si Prof«isoly Illustrated. Cloth. 

wilso in t loth, frtn^led boards. x'H' tdj^es, 5s.) 

SwlM TmJOXiV Robinvon, OMUi«U*S. Illustratod. Cloth. 

{udlso in cloth ^ hrs'clUd hoards, jctlt ednes, ^b.) 

IttttSe FollKS (ivNI.ARGHn SERH'SI. Malf-Voarly VoK With 
I'lctiires on nearly every paRC, totretUer with two I-iill-ifaK« I’J.'ttos 
printed in Colours, and Pour ‘I'lnied Plate*. Colonre*! boards. 
(.See also 5»,) 

FOPtnUUK aOOXB for youmo pbopza. 

Crown 6vo, with Eight I‘ull-pagc Illustrations. Cloth gilt. 

A 8w«bt otrl OraaUAt*. By L, r. Meado. Illustratetl. 

Th* Wllit* HOUM Wkt Xn€b Clow. By Sarah I'ltL lllustr.itetl. 

Tli« KMng^m Cammmnd. 1 A Stonr for Olrla. By Muggic 

Syiuiugtou. Illustrated. Cheap hdition. 
laOtKt In Bmnoau a Tale of Adventure in the Navigator IxlntulM. 
By E. S. Ellis. With Eight Original Illustrations. 

Tad I or. ** OotttnK Won ” with Him. By E. s. Hills. Wiui 

J^iglit (.triglniil lllusurations. 

PoUfI a *f ow-faohionod OtrL, By 1 *. T. Meado. IlluKtralod. 

A World of Olrloi A StorF of n School. By U T. Meade. 
Tho Pnlneo Bonutiful. A Story for (nrlsi. By E. T. Me(t«le. 
Tho Ooot of it IStOtnlCO. By .Sarah I 'ill. IllustrntetU 
Wot nmonK Whtto AMcnno 1 A BoF'o Advonturoo 
on tho Vppor Oonso. By rtavid Ker. 

On Board the ••Kmanmrm.ldm.** | or, Mnrtin Wiirh'a 1 k»k> 

By Jolm C. Hutcheson. With J'‘ull-piige Tinted Xllustralinns. 

For Fortuno atnd OlorF* A Story of the Soudan War. By 
l.owis ll«Tugh. 

** Follow my I.ondor | or, The Moym of Templeton. 

By ‘Talbot miiiL'M Kood. 


Parlclno.” Thirty Years of WJt. By MclvUlo D. Landon 
(" I'.Ji I’erltliis"). 

Oaeaell'a Olnsaionl Tenta for Sehoola, from us. 6 d. to 4 s. 

{/d list poft free on afipitiation.) 


SleclULaiea for Youdf BaFinnera, A Flrat Boole of. 

With numerous Easy Examines ami Answers. By the Rev. J. Lr. 
liaston. M.A. 

Wa.tch nnd Clock Ma.lcltiF> By IX ( dasgow. Vicu>Preslilent of 
the British Hnrologlcal Institute. 

Dealam in Toxtllo Fahrlca. By T. R. Anhenhurst. with 

t^riTmred and numerous other Illustrations. 

SplnnlnF Woollen end Worated. By w. .s. ji. McTatrcn, M.r. 
Phmao and Fabla, DiCtlonerF of. Nmo and hntar);ed 
edition. By iho Rev. Dr. Brewer. Siipeilor binding. (.V«- a4n> d'i- t‘d.l 
French, Oeaaell'a l.eaaona in. Arm and Retdsed lidUion. 
l^uiiipletu in One V'ol. {See also :*h. 6d.) 

Drawlnar for Machiniata and BnBtneera. By iHUs 

A. Davitlfcon, With over isxi lllustratnnis. 


1I.1.U8THATED BOOKS FOB TOUIta PEOPUS. 

Plaaaant Work for Bnap FlnFerc | or, Klndervarton 
at Moma. By M.iggie Brownr. (Ihisiratrd. 

Wndon Streat Araba. By Mrs. II. M. Stanley (Dorutliy 
Tennnnt). 

BflasiC at Homo. By Pr.if. Hullman. l<uily llinstr.ate(l. 

Flora'a Faaat. A Masque of Flowers. By Walter Crano. With 
40 pages in Cokmrs. 
laopanda for Idonal. With Coloured llhistrations by Waiter Cr;iiie. 
**Oomai FO Ohildron." By Rev. Beniannu V.'angh. lllustruted. 
Tho Talaa of tho SlactF Mandarins. By i*. v. K.niiaswanii 

Raju. 

Under BaFard’a Banner. By Henryk Frith, iiiustr.'itcd. 

The Komanoa of Invention. By J.uue.s Burnley. 

Champion of Odin, The 1 or, Vlkina Xdfo in the DaFS 
of Old. ByJ. Prcdorick llodgrtls. ^^'it^^ Tinted llln-.tratiuns. 
Bound tty a BpoUi or. The Hunted Witch of tho 
Forest. By the Hun. Mrs. Cn^ciie. With ‘Tinted Tlhir.trations. 
The Hiatory Scrap Book. WMth nearly r.oou Engravings. 

{Aho til clatlt i;tlt, x'ilf ed^es, ys, rxi.) 

Idttle Folks. Half Yearly Vuls. Neio and Pnlar^ed Series. With 
Ptctiirrs on no.irly <>voi'y page, together with Two Fiill-pngo Plates 
printed in Colour. s. and Funr Tinted I’late.s. Cloth gilt, gilt edgov. 
{.SVr also 3s. 6d.) 

BDUOATXONAl*. 

Cassell’s Eatln-Envlish and Ensllsh-ttatin Dlo- 

tionarF* AWe Jidition. 

Howard’s AnKlo«Amasican Art of Reckonlna. By 

C. Frusher Hownnl, A'ew Pdition, Enlaro,cd. (X'c also is. mid us. ) 

Storehouse of Oeneral Information, Cassell’s. Bully 

Illustrated. In Vols, Jmeh. 

Popular Educator, OaSSOU’S NEW. With Re.viM.-d Text, 
New M.ips. Now Coloured I'late.s, Now I'ypc, iStc, Tu ho soniplctod 
in Eight Vul.s. P'.n h. 

Popular Educator, Cassell’s. Cumplotc in Six v^iis. l-:aeii. 

Songs for College.-, and Schools. I-alltoil by J-ihn 
Fartiior. ( I he words only, in p.iper covois, ; cloth, od.) Can .alsu 
lit obtained in sheets c-MUtahinig two Songs iw<irds ;iml music) in 
quantities of one du.feii and upw-ards, at id. per sheet. 

Kistorictal Cartoons, Cassell’s Oolonred. .six. Mounted 

on taiivns anti vnrnisheti. wltli rollers. I-'ach. uW also id. and 

DFelttF Of TesEtile Fabrics, The. By Prof. HuinmcL 
steel and Iron. By Prof. W. tl. Greenwood, F.C.S., &c. 

lEarine PatatlaF* By Waiter w. May, K.I. With Sixteen 
Cnloureif Plates. 


Animal Painting in Water-Colours. With Eighteen 

C.olonrrd Plates by Frederic.k Taylei. 

Tree Paintina In Water-Colours. By W. 11 . J. Ihuit. With 

I'.iglUocii t-uloured Pl:m-s. 

Water-Colour PatntiUF Book. By R. 1*. LeitDi. With 
Coiuurod 

Neutral Tint. A Course of Paintlnp in. With l‘wenty> 

four J'l.ites iiy K. p. I.Hn h, 

China PalhtinF. By l-Iumice Eewls. With .Sixti-eii Originid 
t'olourcd PJaiesi. 

Flowers* and How to Paint them. By Maud Naftul. With 
Ten Coloured PUtet*. 

Technical Educator, Cassell’s. AV-m and Rernsed iidmon. 

ConipkTo in l-uur Volix Eash. 

Flower Painting In Water-Colours, with Twenty Far,, 
simile Coloured PLit*!).. By i-‘. E. Huhne, l'.E.S. 

OeomotTF* Cassell’s Course of Practical. Cuiwisting of 

Sixty-four Cards. By Ellis A. Davidson. 

HEUtOtOerS. 

Slgna Ohrlstl. Tividmccs of Christianity set forth In the Person 
and Work of Christ. By the Rev. James Aitchison. 

I St. 0oorgo for England 1 and other Sermons prc.iclitKl to 
j Children. By tho Rev. Canon TrlgiiiMoulh Sliore, M.A. 

Idfe of the World to Come, The, and other Subjects. 

I Jty tho Rov. Canon 'Toixniuouth Shore, M. A, 

FamilF PraFOr-Book, The. l-.dlted by Rev. Camm fiarbett. 
I M. A., and Rev. S. Martin. (Al.’^o in wiurwi'ro, jKS.) 

Bible, The Pew. Cloth, rotl edges. 5.S. ; J-ronch inortKaru. red 
j tidgex. Ov ; Freiich iiiororco, gilt edges, 7s. ; l eisian c.alf, gilt idgos, 
7s. 6d. ; Persian “ Yapp," gilt c-dgo!., 8s. : moruei.o, gUt edges, Es. t.d. 


The Xdfe of the Rev. J. O. Wood. By hia sun. the Rev. 

Theudure Wooil, With Portrait. Cheap Pdition. 

Russia. By Sir Donald Mackenzie Wallace, M.A. Popular luiition, 

SHORT STORY” LIBRARY. 

Otto the Knight | and other Stories. By Ortave Thunet, 
Eleven Possible Oases. By v.-irioiis Authors. 

A Singer’s Wife. By I-anny N. T). MurfrrR. 

Noughts and Crosses 1 Stories, Studios, and 
Skotchos. By o. 

The Poet’s Audience, and Delilah. By ciam 

.Smile Clarke. 

Bella,” and Others. Being Certain Stories Kccnllrite*! 
by Egtirton Casili-, Author ol ** Conflequences,** 

The B€>ok of PltF and of Death. By Pierre l.otl. 
Member of the Prcm:h Academy. Translated by 7 '. P, 
O’Coiiiior, M.P. 

The Doings of RaAes SCaw. By A. Conan Doyle, Anthnr 
«»f '* Micah Cltirko,*' &c. 

*<Hors de Combat ”| or, Three WMks in a Hospital. 

1 -oinuled r>n P'acts. By (ie.rtrnde and Ethel Arinttagu Soutliain. 

1 llu<<trated. 

Locomotive Engine, The BlographF of a. By Henry 
Inth. Ilhistratcd. 

lK>ans Manual. A Comnilatlnn of Tables and Rules for tim Use 
of Eocal Authonties. By Charles P. Cullon, M.lnst.C.H,. M.K.i.A. 

David Todd I Tho Romance of his Life and Loving, 

Ity David Maclure. 

Naturo’s Wonder Workers. By Knro R. 1.0 veil. Illustrated. 

The Secret of the Lamas. A 7 'alc of 'i hibet 
Metserott, Shoemaker. 

PactolUB Prime, a Novi L By Albion W. Tourgeo. 

MolldaF Studies of Wordsworth. By 1 '. A. MuUi-mui, m.a. 
Strange Doings in Strange Places, cumpiett- .Simsati>m.il 

Stones. 

Birds’ Nests* Eggs, and Egg-OoUeetlng. ByR. Krartnn. 

With »ti Coloured Tlates i>f F-gg'- 

Ollver Cromwell 1 The Man and his Mission. By 

J. All.'iiisou Pixloii, M.P. With Stoel Portr.iit. Cheap l.di/ton. 
Modem Shot Ouns. By W. W. Gruouer. llluslr.ited. 

English Writers. By Prof. H. Mnrley. V.iKEtoVlH. Each. 

Free Trade versus Fair Trade. By sii T. H. i-.urer, Bt. 
Vaccination Vindicated. By lohn c. McVaii. m.i*. 
Year-Book of Commerce, The <1803)* T- Mtcd liy Kenric 

li. Murray. Third Year of Issuo. 

Medical and Clinical Manuals, or ivactitioucrs and stu- 
dent** <»t Medicine. A /.is/ post free on appluation. (^Also at 
7s. fid,. Rs. <k1.. uftil os.) 

Household, Cassell’s Book of the. Complete in Four Volix 
1 ; aoh. 

Ckurdening, Cassell’s Popular. lUiistratcd. Comuintr in 
l-olir V<<ls. Each. 

Field Naturalist’s Handbook, The. By the Rev. j. c. 

Wuoil ,»iul q'heoilfirc Wood. 

Brahma Fowl, The. By I.f^wD Wrigiu. W'lili flhronio Plate-. 


I The Blue Pavilions. By (J, Author of ” Nought*, and Crossrs," 

A.. 

“1 Saw Three Ships,” ami other winter's T.des. By tj. Author 
I oi '‘Dead Man’s Rock.” 

Star-Land. By sir Rnlicrt Suiwell Ball. l.L.D. IIhistrat<-J. 

Queen Bummer 1 or. The ToumoF of the LUf and 

the Hose. Ccnitaining 4*1 p.agec of Dvsignx by Walter Crane, 
piiiiiud in Colours. 

Story Poems tor Young and Old. i-:«bted by i-.. D.ivenport. 
Fourteen to One | and other Stories. By i-Uzabeth .stuan 

Phe.lps, {"Short Sfiny" l.ihrary. See al.s.> 

Father Stafford, a Novc-i. By Atithony Iltipc- 

Teeebing in Three Continents. Perstmal Notes on the 
Ediicalion.il Systems of the Wotld, llj W. C. Gr.aaby. 

Black America. By W. Uiird Clowes. 

A Web of Oold. By Kathariim I’eatstni Wotols. 

Oloanings after Harvest. By tho Rev. join. K. Vernuu, M.A. 
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I St« Th# XASm KBd Woric of* Bv tlio Vcm. Archdenciui 

[ I'arr.tr. IXD,. I'.K.S. Popular bdihotu CVolh, (Het also 7s, 6d.. 

los. ful., I Jis.. O fid f.n js.) 

Kmrly Days of OlurUitianlty. The. Hy the Veil. Arihdflneon 

I i-.iir.ir, l>. n., l'.K..S. I\>f'}ilny JulitioN. Cl'ilh. (AfV «/.»■> 7s. Ul., 

ii'%. 6(1. . JS'... a>td jljT: iis.l 

lafo of Clirist, !^o. HS' Ihe Von. Apthdcacon r.'n.ir. 1 M>., 

^.K..S, Clnth. (A,v aha 7s. ftd.. lov tnl,. 15'.., 

l»oaywo», Tho Work of tliOa The Sijct'fh or the Ki).:hi 
l|4)u. :-«ii lli-ury jmnes M.l’., Kejilyiny tit the I'aniull Cotir 

lui'isiiin liKjiiiry, 

W®- 5 »d»ai»d*Byo Tralnina* By t'.. Uieks, B,Sc. Two Vols., with 
StMeeii of (jvUmred I'FiteS in each \'i)l. Crown 4to. lia» h. 

Bducator^ Tlie* Udlted by the Very Ucv. I>eati riuinptrc. 
U.D. lllut.(rated. Conipleie in Four VoK l.’loih, each. [Also in 
T 7 V 0 I ah'., aia. or 9148.) 

Oobdon, Rtebardy Tbo PoUtSoal Writiaca of* 
Qo-oporatioa in l*and TUlayo. By M. A. 

Oatricb Farmlay In Soutb Africa* 

Iribdlea’ PHyalctan, Tbe. Bya l.inicton Physician. 


SDVOATIOMAl*. 
I/O Bnallab Dictionary, Oaaaoll*a* Giving 

than r<x>.orv> IVoriJx ,ijid Phrust^. 


Definltlous or moro 


Practical Bloctiricity. By Prof. W. IC. Ayrton. Itlii-itnitntL 
Bloetricity, Tbo Affo of. : "roin Ainlxtr Soul to Tcluphonn. By 
Park Beiij.imiri. I'h.lt, 

riduro Palntins In Wator-Coloura. Wltit Sixteen Coloured 
Pi.ifu';. with lusiiuclions by tho Artists, 

BnaUab Litoraturo, A Plrat Sketch of. By Prof. Henry 

Mnrley. Kertsed and Unlar^eJ hditii-n, 

I Alirebra, Manual Of. By Cialbraith and Hnujchton. 

, Enaliah Dltoraturo, Idbrary of. Uy Prorev...>r lu-tiry 
Sli-rley. With lll.jslr.ni<nis taken front oric'inal MSS. Popular 
j tidition. \ol I.: SlloKTHR I’lNf.l-t.Sll P< il MS. Vol. a. : iM.t !s- I 

i IKArUiNS (»H F.NtiUI.SH RI'.I.ICImN. VoI. Ill,; KNta.ISU PbAVS, 

j Vol. IV.; SHOKlhK WnRKS IN I'lNf'.UISU PKoSP. Vol V. ; | 

SK!;T(-m.s OF LuNcnK Wohk.s in Kwcd.tsit Vhksu ani» 

I )*R«i^P. pitch, (.SVc «T/ra y,’s I 

i — 

I INTBRNATIONAX. OOPVltlOKT MOTB1.B. I 

I'.xtra crown 3 vo, diith. P.ach, I 

latUe Minlotor, The. By J. M. Barrio. Author of A 
I Wiiulnw III riirunis." 

I Sybil Knox, or Honote Affain i a Btoty of To-Day. 

■ By J'.ilrtatd K. Hale.. Author ol " p.-t jl :uid W esit," .Vc. 

n&e story of Prancta Cluddo. Bv .Stanley j. Wrynuui. 

Antiior of *• Tin.- House of (he Wolf.” A'C., iSiO. 

Tbo Paltb Doctor. Ily l)r. hdward Instoit. 

I Dr* Dumany'a Wifo* By Maums JcSkal, Author of "TImnr's ; 
j '['wo Worldi.’' Translatctl Iroiii the Ilnftii.irl.tn by F. Steinitz. 

I BmufTBlloa Days and SmuyaUnt; Ways| or, Tbo 
Story of a l* 08 t Art. By l -ieut, tim Hou. Henry N. Shore, 
K.N. With numerous I'lauH .and DrawliifS by the Atitlior. 

lafe and Z.ettors of tho Rt. Hon. Sir Josopb Hapior, 
Bart., tJL.D., Ac.. hX'l/:>rTl c;hnnrellor of Itci.iinl. By Ale.x. 1 
CJi.irlos Plwald, P .S,A. .\ew and Re-otsed iuHtion, 

Robinson Crusoe, CassoU’s stow Pino-Art Bdltlon I 

of. With n). Walds of ns. < >nh;inal lllustr.ition?, by Walter P.ii;et. 


f loth nilt, trilt cdfi’cs, or in btiokrai 

Tbrouyh Russia on a Mustany. By Thontas Stovens. 
lllte.tr lied. 

Scoutlnic for Stanley in Bast Africa. By Thom.-is .sievtms. 

I Ihi-ar.ifed. 

Disraeli In Outline 1 bcint;' n UioRranhy of tin- laic P.arl of 
Bell oiisftui I, ,111(1 an abfidjfmcnt »jf all his Novels. By p’. 

1 . anoH IlrewMer, d...D, 

Picturesque Australasia, Cassell's. With upwards of j.ooo ] 

Jllu-ittalions, '.'oumlrtc III 4 Vols. p;i' h. 

The Journal of Marie Basbkirtseff. Translated byM.ithilde ' 

Blind. With Two Portraits and an Aati-oraph I.ettcr. Popular 
lidihon in One Pal, 

I*etters of Mario Basbkirtseff. rransluted by Mary J. 

.‘icTMii'i, with Portiait. Auliior;t|»h P.i.-tters, .Sketches. Ac. 

Orations and After-Dinner Speeches* By thn lion, 
t'li.nnicey M. l.>c’i*ew. Wiili Purlr.iil. 

Shaftesbury, tbe Seventh Earl of, X.O«, Tho I*ife 
and Work of. By Fdtvin Ibidder. In One Vohnne, doth. With 
H lllu.str.illiili',. I S,v ,j/ra -56 

Konry Richard, M«P. A Bio(;r.iphy. By Charles Mi.UI. 

Rossetti, Dante Oabriel, as Designer and Writer. 

Notes by Willi.iiii Mu had kossrtti. 

Prance as It Is. By Amlr.^, l,d>on and Paul Pclct. With Three 
Maps. Crown Kvd, di, tit, 

Kvfflene and Public Health. By Ti. Arthur WhitcleL'e^c. M.l>. 
OUmate and Health Resorts. By 1 >r. Bunn y Voo. 

Health at School. By t. loiiK ni Hukes, M D.. B.s. 

The Chess Problem 1 1.-Xi ltook. with BlnstratKnnt. Contulniii^; 
4x1(1 iVisitiiiTis Md(':(;t(;d Imin the ^V^lrk<5 <»f(,.. Planck uikI othcr.s. 

Medical Handbook of Life Assurance. By ). p:. Poihx.k, 

M.D., and J. Chlsliolm, 

Cookery, CasseU's Dietionqjry of. wnh Coloured Pl.ates 
and ruiTnt'rnm Pjnrr.ivinjp.. Cdiii.iininy abotil xj,iy<> B«dj«>.s CPsth. 
(.'tho in roxhuryh, I’is. r,d. 1 

Domestic Dictionary, Cassell's, iliustiatoil. i,9»o nnucs. 

Royal hvM, doth, {Aha t-n rrxhntxk, n.'S. 6d,) 

Subjects of Bo^Utt Welfare. By tim Kt. iion. .sir I.you Pby- 
l.iir, M.l*., K.C.B., LL.D., l'.R..S. Crown Kv(u 
Work. I hi* Bhistr.atcd M.ijr.izinij <jf Practice .'iitd Theory for.’iU Work- 
men, IVofrs'.ional and Aiii.iteur. Yearly V'olnnu!. 

Baturdi^ Journal* Cassell's. Venrly Volume, llhistrntnd. 
Cities ortho World, lllnstrated Ihrout'lioiit with tme lllnstTarumM 
and Portraits. (. oinpl»ite In Pour VoR. Hnch. 

Pooples of tho World, The. By Dr. Robert Brown. Illus- 

tr.ited- Six V<.K. 

Countries of the World, The. By kot>ort Brown, M.a. pii.d.. 
P". F. R G.S. (aiiuph'to in .Six V'ols., with 7S0 Utinitrationx. 
pitch, (l.ihrarv hiudutx, t7S. fxl.) 

Cassell's Concise Cyclopaedia, with 6oo illusirations. a 

I yi lop.vili i in rtni: Volnnio. AV-tc anil ( heap J dition, 

The Sunday Scrap Book. Udn^ s<:rij>tnro stones in Plcturas. 
Willi about i.otei lllustr-iliouiii. (doth, Rilt cdj;eH, 


By Thonms .Stevens. 


^•AP'Book of Science, The* Kdlted by Professor Bunnoy, 
l*,R.,s,, ami containing contiilnitions by luadinu f*' itinllh<; writers. 

▼ear-Book of Treatment, The. a Critical Review for 

I'r.ictilioiii'r*. ol Meitidiii!. linpiin year of ptibllf .alion. 

Cur Csm Country. Completii in Six Vols. with oro Original 
flluMr.itions in each Vol. Pdteh, 

Snellsh literature. Dictionary of. By W. Davmpi^rt 

Ad.irnh. Clolh, (Also tn roxhur^h, k.*,. <h|.) 

80a, The I Its SUrrlnff Story of Adventure, Peril, 
and Heroism. By F. Tvitympfr. Pour Volti., with 400 ihiuinal 
I Bhi.tiation-,. l-.irh. 

World Of Wonders, The. Two \'oP4. Ilhi.-itraled. F-ndi. 

World of Wit and Humour, The* With ubnnt 400 iiiustr-i* 

Iloll-,. 

•^•'twal History, Oaupsell's Concise. By Prof. E. Perceval 
njfht, M.A. Illustrated. Cloth. [Also kept half boHndl\ 

RBUOteVS. 

Quiver" Volume, The. Nttv and tlnlari'td Series, With 
several liuntired Orli^Inul (.‘untributious. Alrout 600 Original Ulus* 
trntums. Cloth. 

Farrar's l*ife of Christ* Cheap illustrated UdUlon. I.argc 4to, 
C.k*th. (Art* xos. 6d.) Popular Edition. (See also fsst., \<im. fx\., 
IRS., 445., ««<f 4 as.) 

Farrar'S. Early Days of Christianity* Popular Edition. 

C loth, gilt edges, \Sfe aho As. , ms, 6d,, 15s., 34**.. aiul 4as. ) 
Farrar'S,, Idfe and Work of St. Paul. Popular Edition, 
C.loth. gilt edges. iSre. aho os., los. (id., iSs., ars., 54s., and 4?s.) 
Bible Dictionary, Cassell's. With nearly (>.0 llinsltatinns. 

Clotli. 

"Buntey"! Its Criyin, History, and Present Cbli- 

ffation (B.nnjptnn I.rcture*., iKOoI. By the Von. Ari;hili!,i(.on 
Fleiisey, Ei/'th Editian. 

Ohlld> l*tfe of Christy The. With .-dmtil aoo Original Ulus* 
tr.ations. Cloth, (.tho at lo*,. od,, and Pemy ipo Edition, cix.) 

I Child's Bible. Cheap Edition. Illnstrated. 'i^loth. [A/io a superior 
I edition at vsa. odj 


Moses and CH^olosyi or, Tbo Harmony of the Bible 
srlth Science. By the Ri*v. Sunuil Kmnt. Ph.l)., P.K.A.S. 
With no lllusti.itioiis. [Xew htiilion on larger and su/>erioy paper. ) 

Conquests Of tbe Cross. I'iditcd by P.ilwin Hodder. BlnMraled. 

L(>nn>lcte In Three Vols. P.ac li. 


Adventure, Tbe BTorld of. Complete in Three Vols, P'ully 
lllnslMtod. l-.;trh. 

Queen Vtctoria, The Life and Times of* Completn in 
1 wo Vols, JIhistruted. p.ycli. 

Cur Earth and its Story. By Dr. UobcH Brown. P' I..S. 
(-‘oiiipleie hi t VVils. With Ciilouied Plato*, and nuineioim Wood Pit- 
gi.ivings. P.ach. 

Eloctrieity in tho Service of Man. a i*oputat anrt Pr.iett<.ai 

Tre.-iiine. With nearly 85*1 Blustr.dions. Cheap Edition. 

Oloaninfcs from Popular Authors. Coin)>iote in 'I'wo Vol-.. 
With Oiigiiial lUiisti.ilions by the Inist .Dtht**. Ivai.h, lAhoinOne 
i'ol.. ir,s. 6d.> 

Natural History, Cassell's Now. edited by Prof. p. 
M.irtin l.luiu.m, M, D., P'. R.S, C.'oniplotM in Six VoR. llln-^tratud 
thruiiglionl, Plxtr.i (.town 4t(>, P'.ich. 

Vntversal History, Cassell's Illustrated. Voi. i., K.iriy 
and t.rei k History. V"l. H.. I he Roman PeraMl. Vol. 111 ., 1 In- 
Mi* KBo Age.-.. Vol. IV., Modern Hi>bny. Willi llUistrallonh. Finh. 
Bnyland, Cassell's Dlustratod History of. with .-ibmit 

a,cx«> Illiistratkins. Coniplcto in 1 on V'ols. Faih. hew and Ecfi.ieU 
hdihOK. VoKI.toV. Each. [See a ho 

Protestantism, Tho History of. liy the Rev. I. A. Wylie, 
j I,|.-.U. Thrtwj Vola. With Ckxi inustriillons. Ivach, [See also .TrA.J 
I United States, History of tho (OassoU's). Complete In 
I Thrmi VoU. /Minut onu lUiiblratiou-.. I’-.K-h. (.t.ibrary Edition -i.vt,.) 

** Family Masastne" Volume, CasseU's. with nbmit 

4>iu Original Jlhrdr.itiotis. 

British Battles on Land and Sea. Turoo Voh. With 

.lUait rim P.ngravlngs. P.acli. |Aft' a/ja an-*.) 

BatUes, Recent British. Illustrated. [Also in imitation 

rovburxh, los.) 

Russo-Turklsh War, OsuiseU's KIstory of* With abemt 

500 inn*arati(.ins. Tw-o VoR. E.ich, [See also i^.) 

India, CasseU's History of. By James c.rnnt. With alic iit 4ric. 
lUustrationi.. 1 wo VoLs. bach. [Also Library Edition, Two Poh, 
tn One, J5.s.) 

London, Old and New. Compicto in Mix VoK Containing 
about r.yoo niustrnlions.. l-'ach. ('xrealso£%) 

Bdlnhurj^, CasseU's Old and New. Complete in Three 
Vols. With (lO** tlriginal Jlhr.tr.itioie.. Each. i.W a/ra ays. nw.f 31-s. 1 
London, Ohreator. Cmnitlcto In Two Vols. By Edward w.ilford. 

With about 4X.KJ < Original lllustrationti. Each. (Ai'i*- <r/.re sos.) 
Science for AU. Revised Edition. Complete In Five VoK Irarh 
i.(jntnining .itunit 150 lllu.strJitions and Diagt.ims. Each. 

School Reslsters. d'or description, see v,. 4(1. 1 

Modem Odyssey, Thei or, Ulysses up to Date. By 

Wyndhiiiii F. Infnell. A ilO(Dk of 'J ravels. illusirated nith Thirty. 
on« Pluliircb in Collotype. 

Vernon Heath's Recollections, i.arge cruwn svo, cloth gilt. 
Watts PhlUlps. Author nnd Playwright. By E. Watts Phillii)!,. 

With 12 Pl.itc-s. ^ 

Richard Redanrave, O.B., R.A. Mt-molr. Compiled from hi>( 
Dbiry. With Purtrait und Tliree Illustr.xtion.v By}-'. M. Redgrave. 
Cl..tr» gilt. 

Colobritles of the Century. Being a Dirtioimry oI tlm Men 

and Women of the Ninrteemli Century. lb Hied by Lkiyd C. 
SaiidcrK. Cheap Edition. Cloth. 

Dictionary of ReUyton, Tho. By tho Kov. William Benham. 
II.D. t. heap Edition. Cloth. 

Farrar'S Life of Christ, cheap tUustrated Edhion, {See also 
7.S. 6d.) Popular Edition, Persian in(>r(->cco. (See aha 6s., 74, 6d., 
i5«;., 94s., and 429.} 


Cassell 4- Company ^ Limited^ Ludgatc Hill^ Lofidon; Paris and Melbourne, 
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16 /. 

16 /- 
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Cassell ^ Company's Classified Price List. 


7 


ttenur's Ufa Md Work of Bt. Vaul. rofuiar EjuUit. 

Porolan motocco. {See also Os., 7s. 6cl,, isv., ais-, 345., artd 4as.) 

FaTxmr*B Barly Hmyrn of OtariotlainttFo Popular BdiUett. 

I'erslun morocco. al.to 6 it„ 7s. 6U., is**., 043.1 and 40^.^ 

BuUdlav Ooluitructioil Pla.tOS. A sorJcs of 40 drawlnifs. 
Cloth. (Or Copin.H of any plato may be obtained In quantities of not 
leas tlimi nno duxeii, price is. 6 d. per dozen.) 

Polyt^olmle Techntol BcalM* On celluloid (in case). 
Vor aet. (See also *s.) 

Arcilltt«etur*l Dimwins* By R. Phend Spiers. Illustraled. 

BaCFelcn^die Dletlonanr* The. a Now and Onuiivd Work 
«r Rolorenco to the Words lu the English I.-inguage. Complete 
In Puurteen Divisional VoU. Each. (See also ais. and ‘jSh.) 

Xnirllsh BUltorFi Tb* DiCtlCUMUrT of* Cheap JidiUon, Cloth. 
(Also in roxbnrj^h, iS"*-) 

Ar»blan Ni|rhta B at<»rt«inment»» Tb«« With lilustratium 
by Gustavo DortS, and other well.known Artists, pirto hdition. 

Poultrjr* The Book of. By Lewis Wright. Papular Edition. 
With Illustrations on Wood, rt/itf 3TS. fkl. a«rf jCa as.) 

Ouai flind lt» Dovalopment. Tito. With Notu.s uu Shooting. 
By W, W. Grocncr. With Illustrations. 


Modern Burope. A History of. By c. A. FyH«. M.A. 

I .ale Follow of llniversily CoUe*;i;. Oxford. Thioo Vol.s. Ivach. 

Onssell's Miniature Bbakespeare, Compicto in ti Vois. 

In Uoju (See also is, and ais. i 


Travels and Adventures of an Orchid-Hunter. An 

Arcotint of Canoe and Cmiip J^lhr In Colondk.a. wliUr collecting 
Orehids in tho Northern Andos. By Albert Milhuiti. Fully Ulus, 
tnted. 

‘^Chraven In the Hock ’’1 or« the Historical Accuracy of 

the Bible (.onfiriru'd by refi'nMtce ti • the Aswri.iii .iiid I’.Mypti.'iii 
•Sculptures in the BrUish Mummiui uud oKewlioiu. By R«>. Dr. Sninucd 
Kitms F.K.A.S., Ac. SiC. With Numerous Illustrations. 

Familiar Trees. Complete in Tuo Scries. Wiih T'orty Coloured 
Pl.Lios. (;iotli gilt, in cardboard box, or morocco, cloth .stdns. l'l;u.h. 

Garden Flowers^ Familiar. Coni|>lctc in Five Forty 

Coloured J*Ut«‘s ill «^'tv:h. (’loili gilt, in cardboard box, or tnorocc-o, 
cloth shies. F.ach. 

Wild BlrdSp Familiar. Completo in F'onr Sorit-'.. By W. 
Swaysi.uid. With Forty Full-page i-Kiulsite t:oKinre<l llhistr.itiuus. 
Clotn gill, in cardboard box, or morocco, cloth sides. Lach. 

Wild riowersp Familiar, tromplele in I-Ue Series. By F. F'. 
Huhne, FM„S,, F..S.A With Fuity Full-p.ige Coloured Pl.ite-. in 
e.rch, and Dewriptivc Text, Cloth gill, in r-ardboant bo>i, or inoroci o, 
cloth sides, liac'li. 

Heavensp ^e Story of the. By sir u. st.iwon Bail, I.I..D., 
F.K.S., F.R,A..S., Koyal Avlroiiomer of Irel.tnd; l.ouiidean 

Prolcxiior of Astronomy and iJromctiy in the University oi Cam- 
briclgc. Popular Hdition. Illnstr.ited by Cdrroino IMates and Wood 
Engravings. Also in half-nioroii-o. I'ncr on applicatinn. 


Bneyclopaadlc Dictionaryp The. Seven Double DivUionai 
Vols., hull morocco, liach. \jSe< also io>;, 6tl. and 

Kealthp The Book of. ("loth. (Also in roxbureh,%^.) 

Family Fhysiclanp The. A Modern Manual of Doincstii: 
Medicine. Netu and Pevised Hdition, Cloth, (.^/sniw mt/iwryA, aj-vl 

Slilton’s Fatradlse l«OSt. lllustratorl with FnlFpige Drawings 
by (•uftmvo Dorr*. 

lMnte*S Infeino. With FulFixigo Illustration'.^ by Gustavo Ikirri. 

BhakespearOp The Plays of. Edited by Prof. Henry Morley. 
f.oniph'to in 'Ihlrteen Vols., in box, cloth. (Also in half-morocco, 
cloth sides. 4as.) 

Bh^espoarop Oass€ai's MUnlature. Complete lu laVoK. 
In box wrltli spring catch. {See a/so rs. and liv) 

Mochanlcsp Tho Practical Dictionary of. Cnntahiing 
oo.oou Drawingii of Machinery. Four VoIb. Cloth. Hach. (See also 
8 .S 3 .) 


HBUOZOVB WOHHB. 

Holy Itasid and tho BlblOp Tho. By the Kev. Cuuninglmm 
Geikie, D.D., l.,L.r>. Fldin. lllu.itrati'<t fuiitioft. Dm.- Vol. 


Zafo and Work of Bt. PauL Iliaistkad 

Ll-*l rioN. aiinr 65;., y.s, 6<l,, lo'i. 6ri,, 


ud 4VS.) 


Old Tostameht Oommontary for Bnyllsh Readers. 

1 %e. Fldiied by tho Rev, C. J. lillnott, D.T).. Lord Bislu^p of 
t ikmcesUir and Bristol. F'ive Vol*.. F.ucli. {.'see also jC.f 17s. ml.) 


New Testament Commentary. Eiiuisi by c. I. F.ih--<'it, 

D.D., Lord Bishon of Gloucrstrr and Bristol. Ihiee Vols. L.ti.lv, 
(See also 14s. ml.) 


Holy l*and sijad the Bible. The. By the Rc-v. CmmlnKium 
Goik-ic, LL.D. Fdin. With Map. In fw*. V'ol 

Early Days of Christianity* The. Bv the Veu. Arciuieacon 
F’arr;»r, D.D., F'.R..S, Library Laiti"n. 'I'ww \''ols., demy Hvo. 
(-SVi* <»/vo Os., 7s. ml., ros. ml., 15s., and fiy ..'s.) 

lalfO of Ohxistp The.' By the Ven. ArrhdiMcon F.irr.u, D D., 
J'.R.S. Ltbt ary liitition 'I wo Vols,, clolli. (See also M., 

jo'i. Od., and TSs.) 

Farrar’s Ziife and Work of 8t. Paul, l ibrary i-.ditton, 
'1 wo V'oK, I loth. ( See aLo j-.. nil., us. «»d., is'c, 21s., and 4 '.^^-) 


Cathedrals. Abbeys, and Churches of England and 

Wales. Do.srriptivc. T listono.il, i’lcloii.il. Cloth gilt, gill edges. 
i opular P-dittoH. 'fvvo Vuls. 


Enoyclopmdlc Dlctlonaryp The. 

VoLs., It.di-rus.sia. F.acli. DiV also ros. ml. 


veil 1 loublo Division.il 
r/vis.) 

Natural History WaU Shoots. ‘i'i:n Subjects. Size uo by 

I'u inches. Mountcii. t.SVr es. ml. aW yjs.t 

Mechaniesp The Practical Dictionary of. it.iKanuiocco 

Four Vols. Each. (.SVc a/.io vis,.! 

InOndOttp Greater. Lthrary l-dtUon, Two Vols. t.Scr ir/ii> 9s. ) 


Tho Cabinet Portrait Gallery. First und Sct.und Sories, 
Bach Coiitaiuliig 30 C.ibinot PJiotogr.iphs of iimlmiit Men and 
Women. With Biogr.ijdnc.il Skctc.he.>, J-.iu h. 


Farrar’s l*lfO of Ohristp The. Popular Edition. Trce-ralf. 
(Arc also 69., 7s. ^'d., los, Od., a4’(,, and 4C"i.) 

Farrar’s I*ife and Work of St. Paul. Popular Julition. 
Treivcalf. i.see al\o o.s.. 7s. ml., los. ml., ais., 34s., ana 42s.) 

Farrar’s Barly Days of Christianity. Popular EdiHon. 
'I ree-cdlf. \.See also bs,, 7s. ml., jns, ml., 349., and 4Js.) 

Bhaksporo* The Royal, t omiilrte in Three Vols. With .Steel 

Plates and Wnoil Fiigravings. Imili. 

BriUsh Ballads. W’iih Several Hundred Origiii.d IlhiMrations. 
Conipinto in Two Vols. Cloth. 

Russo-Torkish War* Cassell’s History of the. Bins- 

trnted. Library Binding in Due Vol. (See also iy^.) 


Rivers of Great ^Britain. Popular Edition. Voi. 1. i hc 
Royal River: 'Ihe Thamu.s Iroai Source to .Sea. Dtv.criptivo, His- 
torical, Pictorial. With Snveral lluiidied Urlginat Illu .iratious. (.Sec 
also 4J».) 



wnn sjoo onginni iinisir.aiions. i leniy 410, cioin. 

BUkyasine of Artp Tho. Yearly Vol. With 12 Ft. hing!.. Pholo- 
gr.iviiiuii, Arc,, and Sever.d Hundred F.iigiavings. l.loth glli. glU 
edges. 


Bnylish Sanitary Institutions. By Su John Simon, k.c.b.. 
F.K.,S., formerly tho Mudical Ofliror of Her M.ijcsty’s I'livy Council. 

PicturosQUe Europe. Popular l^dUltn. Complrto in Five VoK 
With Thirteen cx(]iiii.ite Steel PLili«, ai il iiiiiiieroiiN original Wood 
liiigravingx. Ibicli. (S>z a/jvJ 31s. ml., /iii, .^,31 ji>s., r/«g los.) 


Natural MIstory Wall Shoots. Bet of I'cn Pi.iirs. Un- 
niounted, (SeeaTrom, (A, and 7.1'%.) 


Protestantism. The History of. By the Rev. J a. Wyh;-. 
l.,L.D. CoiUiiiniiig npw.inls of Ooo Ociglnal IlluBtratixiv,. Ihree Vols. 
(.Sr-rf also 9S. and 30*,.) 

British Battles on l*and and Boa. 'I'hree \'oL. Cloth. 

{.See also o.v and xos.) 

Edinburirhp Cld and Now. Cumplele in 'I'lirce Voks. ( See also 

9!.. and ^os. I 


Bdlnburyhp Cld and Now. Cumplele in Tlnne \'oL., libr.oy 
bliiding. ( See also >ts. ayi..) 

Protestantlsmp The History of. r.ibrjry Edition. (See 
a fill 9S. isfui 3'/s.) 

British Battles on l*andand Boa. YViih about lUmdrc 

tioii!,. Library Edition, "J hr«io Vols. ( V,-r a/.\.’ </.. .r/nV a/s.J 


The l*ake Dwellings of Europe. By Rr.bcrt Mnnro, m.d., 
M.A. lllu'jtr.ilrd. ( loHi. (Also tn roAturph, fy.' uh.) 

Music. Illustrated History of. By liniil Nanniann. I'dited 
by tint Rev. Sir F. A. t .ore (Juseluy, B.irt- TllusU'.iteil. '1 \su Y'ol.s. 


Picturosoua Europe. 

forming flie British b.k-s. 


Popuhsr LdtHon. 'l‘»o roi:,. in tine, 
See also fi^s, jr.-yr los., and /'s-i los.) 


Poultryp The Illustrated Book of. 

fs/rw and Pci'ised Edition. W'lth Filly C'.loineJ 
KSce also lu’.-. ml. and 42.S.) 


By Lewis Wright, 
rl.ilc'-.. Cloth gill. 


plgreonSp The Book of* llyRolx-rt Fulton. Fditc-il and .irraiiged 
by Lewis Wright- With FHty hle liitu Coloured riates. {Also in 
ha If- morocco, 4'2».) 


Across ThibOt* By Gabriel Bonvulot, Anlhnr of ‘‘‘Miroiigb the 
Heart nf Asia,” With about One Hundred I Dust rations, and a large 
Rcii tc Mai> In colntir >. 


The Ufop I*ettersp and Frtendships ^ Richard 
Monol&on Mllnes, First I.ord HouBhton. By i- 

Wcuiyss Keid. J’wo VoL., with T wo Portraits. 


Waterloo t*etters. Hdiled by M.iJor.Gi’Hural H. 'P. Siboriiw. late 
Culoiict K.h. With iiimierous Plans of the Baltic-held. 

Thackerayp Character Sketches from. Six New and 

Original Diawings by Frederick Barnard ruprudured in Photo- 
gravure. 

IHekens* Character Sketches from. Fir.t. Stvomi. and 

q iiird .Series. By Frederick. H.iriiarJ. li.scli cuiitdiiiiiig .Six JM.ites 
prbitml on India paiicr. (In Portfolio. ) Each. 


Rb]^ys and Churches of England and Wales. The. 

Dobcnptive. HUluncai, I'ictoiial. Etne Paper l-.ditton. bcrn-3 I. 
axut 11. ^ch. 


Horse. The Book of the. By Haniuel Sidney- With Twenty- 
cighl Fac-biiuile Coloured Platen. Ciolh. t See aL.i -17..) 

Butterflies and MothSp European. By W. f. Kirt>y. with 

Sixly-one Ufe-liko Coloured Plates. 

Doffp Illustrated Book of the. By Vcio suaw, B.A.Cdnoib. 
Wltli 1 wcnty-olghl I ac -simile Coloured Plate:.. Demy 4to. cloth 
gUt. (See also 4ss. ) 

Canaries and Caue-BlrdSp The IllusMted,Book of. 

By \V. A. BDk.stoii, \V, Swityskllid, and A. I'. Wieiiei. \Y lib Fifty MX 
Fae -simile Colonreil Plates, uud nuuioruiu. Wood Engravings. {Alsu 


tn half-morocco, 45s. ) 
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a- Com fatty. Limited, Ludgate Hill, Londott; Paris and Meltmurm, 
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Our Own Country* Thrco \'ols. Library Jiuidiuif. {Far dr- 

tcnpfMH, see 7r.. tnl. ) 

Tl&o Plet^niiQuo BSotfitermnenn* MAunificentiy illustrated. 
Culdured l«rotiUi,j).t«ce by Buket iMiiacr. Complete In 1 wn VoK. 
i:.acn. 

Rivers of Oreat Britain* Dfscriptlve. HlstorUal, Pictorial. 

“*^2 *^3^ River I The Thames from fiouroe to 

®Oa» Wiib Several Hundred (.)n>;iual lUustration<4. 
haitwH. (l>ee also 

Rivers of the Bast Coast. With mniieroiis hi^Ttlydutlsliccl 
I'.uijravintfS, Royal 4I0. with Ktchint; I'niiitispiGct-. 

rb Qallery^ The* J'opular Fditum. WiUi a^j Illuritratlous by 
t.Usl.ivc J.K)re. Cloth j^ilt, bovellod bcKirds. 

ypt I Descriptive, Historical, and Picturesaue, 

I opuliir hdthon. By Vror. (j. I'.lwrs. Translatctl by t:lara Hell, 
with Notes by .SamtoJ Bin h, 1.L.1J.. D.C.L., IMi-A. a VoJs. With 
ftU'ut Kco Oriyiual l’-ii*:ravui,;s. 

Picturesque America. Compietn lu 1 \uir Vois., with idirty- 

ei>^lit exquisite Stccl I’liitcs iin<l about Bi^oOrijiliutl Wood Hnjfraviiijf^ 

The X*ife of Christ. By tlio Wn. Archtleacon Kirrar, D.D. I.ihrary 
lidition^ nioroccu. 1 »o Vols. (.SVc aUo fi.-.., 7... 6d.. los. 6d., 15-.., and 


] Bhajcespeare, Royal Quarto. F.ditrd by Charles and Mary 
■ ’ m CUrkc, iind cuiitaiumt; about Oew lUustrationa by XI. C. 
^elinib. Three VoLs., cloth jjllt. 

Picturesque Canada. A Dclinoatinn by Pen and Pencil of all 
the Fe-ifiires of Intorust in tio- Ihuiiinlou of Canada, Irom Hs 
13is,.',.vory tinhu Present D.ty. With al>uut 6<x.i Oritfinal Ulustratioiw. 
C'unq)it:iu ill Two Volume;.. Ji.icli, 


Bible, Cassell's Illustrated Family. Morocco antique. 
{Also 50s. vt leather, and 75V br.\t morotto.) 

The Sntemstional Shakspere. PJmon de luxe. 
"Othello.” Illustrated by IT.tnk Dicksue, R. A. 

"Kins: Henry IV.” lllustrutod by Herr I'.duartl r.riltxner, 

"As Yon lilke It.” Ilhtslrated by the late Moiis, liniilo Buyard. 
"Homeo and Juliet” advanced ti );£,7 10 a. (Now out o! print.) 
Jh prepuraiian : 

"Kins: Henry VIII.” illustrated by .Sir James Linton, P.K.I. 


New Testament Commentary, The. Lditcd by Bishop 

1 -Uli.<itt. T hr<*«^ Vols. in half-iiMrocr.o. (A'rr also ais.) 


70 /- 


Paul, The lafe and Work Of. by the Ven. Ar.:hde.n:on I wui 

J'.orai. Ubrary Pdm.ni^ morotra l/lusftuled Pdtfion, uiutouco. V^5**,**T,/ With a.ic 

i»/5(> Os., 7'>. Oil., Kr>, ixL, 15^.* ais., afut y4s ) t leu Vols. a/.u' ij->, ) 

;'s^ Bs^ly Days of Christianity.^ library Udit 


I 

Poultry, The Book of. Uy Lewis Wrk-ht. With Pifly t.oluurcd 
I MtC's, h:Uf-inoriicri s (.SV/'a/.w ic^s. Oil. Oil.l 


EntfliRH UtAvmttftrtfh. Xsitftrojrv of. rhi* Set uf Imvh VuLs*, 


Popular Educator, The. 

(.S*r al.\o 5s ) 


-i-i.. I. V. 1 . .f ,r Testament Commentary, The* Lditcd by Hish..p 

In I hreo Ltoublu Vuls., h.tlf-calf. Idvo VoK. in Jiall-jii(.in>i:i o. 1 Arr ,r,'n/ ...ms, » 


Horae. The Boole of thA n.- si.b.,.. u'on t... British FomU Reptiles, A History of. By sir Ridi.itd 

muroccu. (A'-r; rt/M# \ oininus. 

DO|p. niustmtod Book of the. By 


Sh.tw. U.A. With , 


Holy Bible, The. lllustt.ttcd by (iuslave Lore. Twi.) Vtil*.., 1 
•' ’ .‘tl 11 • ■ 


Bible, Cassell's Illustrated Family. 

l.cathor, jdh r’dj’fs. tirr rr/s,. 711.,. and 75s » 

Menriette Ronner. T'li*' painb' 

Wilh PortMit iUnl ij full-pa^c Illii 


Picturesque Burope. laryr Paper Idilion, Cotuplnti! in Five 
VoluiiK-s M-kU coiitainin^^ riiirtenn cxqiii ,jt<* .'if<*rl Pliiios, ftfiii 


£ilUI6 

I £5 

'£ 6/5 

£ 7 / 17/6 

£12/12 

£16 

£21 


Monthly Serial Publications. 


Art, Kagazine of. Is. 

Africa, The Story of. 7<L 
Atlas, The Universal* is. 
Bihlewomeu and Nuraes. 2d. 
British Ballads. 7d. 

British Battles on Land and Sea. 7d. 
Cabinet Portrait Gallery, The. is. 
Canaiies and Cage-Birds. 6d. 
Cassell’s Magazine. 7d, 
Cassell’s Natural History. Nnv 
Hdition, 7d. 

ChUd's Bible and Child’s Life of 
Christ 8d. 

Dor6 Bible. 8d. (And Wtn-kly, ^d.) 
Bord Bon Quixote, The. 3d. 

(And Weekly, ^d.) 


! Figuler’s Popular Scientillc Worka 
i 6d. 

I Heroes of Britain. 3d. 

' Historic Houses of the United King- 
I dom. 7d. 

' Horse, Book of the. 7d. 

Latin Dictionary, Cassell’s. 8d. 

I Life and Times of Queen Victoria. 

I 7d. 

; Little Folks. 6d. 

London, Old and New. 7d. 

; Modem Europe, A History of. 6d. 
National Library, CasseU's. 

Weekly, pajx'r, 3d. ; cloth, 6d. 
New Testament Commentary, *rhe. 

. Kdited by Uisiiop P'.llk.ott. 7 d. 


Encyclopedic Dictionary. Is. 
England, History of. 7d. 
English Literature, Library of. 
Family Physician, The. 6d. 


yeopies oi me wona. yu. 
Picturesque America. 28. 6d. 

: Picturesque Europe, is. 

6d. ; Popular Educator, Cassell’s NEW. 
I 6d. 


Poultry, Book of. 6d. 

Quiver, The. 6d. 

Rivers of Great Britain, is. 

Saturday J oumal, Casseirs* 

6d. (And Weekly, Id.) 

Science for All. 7d. 

I Shaftesbury, Lord, The Life of. 3d, 

> Shakspere, The Royal. 7d. 
Storehouse of General Information, 
Cassell's. 7d. 

Story of the Heavens. 7d. 

Trees, Familiar. 6d. 

Wild Flowers, Familiar. 6d. 

Wit and Humour. 6d. 

Work. 6d. (And Weekly, Id.) 
World of Romance. 7d. 

Cassell’s Railway Time Tables and 
Through-Route Glance-Guide. 
Price 4(L 


DiarieH and idher Time-Sariiiff Publications are published exclusively by 
Cassell & Company, and particulars will be forwarded post free on application lo the Publishers, 


Cassell & Company, Limited, LudgeUt HUU London; Paris atid Mtlhournt, 




